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TAG COLOR INSTRUMENTS 


make the sample bottle test as obsolete 





as Candle Light for Illumination .. . 





The two new TAG Catalogs shown 
above shoulda be 
now. No. 1100-1! 
Gescribes the 
extreme precision and 
grade TAG 
Hydrometers, and also 


on your desk 
illustrates and 
regular line of 
standard 
Thermometers and 
contains 
useful conversion tables and in- 
structions for using thermometers 


ana hydrometers 


Catalog No. 699-1 illustrates and 


describes the many TAG Oil 
Testing Instruments for Petroleum 
Products. Send for your FREE 


copies today 





The first oil well in America was drilled by Drake in 1859. Three years later, in 1862, TAG'S first oi 
tester was patented. In 1864 the U. S. Petroleum Association adopted and recommended the use 
of the Arnaboldi (later known as TAG) "'coal oil'’ Hydrometer. With that sort of tradition, it is not 
to be wondered that the TAGliabue organization has played an important role in the development 
of practically every oil testing instrument of consequence and has beer. responsible for the intro 
duction of many new pieces of equipment which a-e now indispensable to the efficient and success- 
jul operation of the laboratories of the oil industry. 


TAG A.S.T.M. UNION COLORIMETER 


Numbered among the many notable TAG Oil 
Testing Instruments is the A.S.T.M. Union 
Colorimeter. It is manufactured by this Com- 
pany as exclusive licensee under agreement 
with A.S.T.M. It operates on the principle of 
matching a fixed sample of oil with variable 
color standards. Comes equipped with |2 color 
standards, standard glass jars and the new TAG 
Daylight Lamp. For color determinations of lub- 
ricating oils and petrolatum it is universally 
accepted. Your laboratory is ill-equipped with- 
out this standard device. 


TAG ROBINSON COLORIMETER 


An exclusive TAG product, manufactured in 
accordance with the specifications of the late 
C. |. Robinson. This instrument is distinguished 
from the TAG Union Colorimeter in that it 
operates on the principle of matching a vari- 
able depth of lubricating oil with a fixed color 
standard. Ideal for plant control and for accu- 
rate differentiations of color shades. 


TAG A.S.T.M. SAYBOLT 
STANDARD UNIVERSAL CHROMOMETER 


Closely associated with TAG has been the 
name Saybolt. TAGliabue was originally ap 
pointed the sole selling agent for the Saybolt 
line of oil testing instruments. Later this Com 
pany took over the exclusive manufacturing 
rights for all the instruments developed by 
George M. Saybolt. Numbered among thi 
group is the Chromometer illustrated above. 
operates on the principle of matching a var 
able depth of oil with a fixed color standard 
It is indicated for accurate service in determin 
ing color shades of kerosine and gasoline. 


TAG MacBETH A.S.T.M. 
DAYLIGHT LAMP 


Ask us about this lamp for use with each of th 
TAG Oil Testing Instruments described her« 
It provides a uniform source of daylight illum 
nation. 





C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 

















...With this simple 
FOXBORO INDICATOR 


Now you can check at a glance the level of liquids in boilers, 
steam accumulators, feed-water heaters, surge tanks and 
other vessels under pressure . . . reading the figures directly 
from a clear-cut legible dial. » Nothing to break. No blow- 
ing down necessary before taking a reading. Operates on a 
simple differential pressure principle. Safe at any commer- 
cial temperature and at pressures up to 1,000 lb. per sq. in. 

» » Readings may be conveyed to the most convenient 
location for the operator. There’s no illumination problem, 
and readability is unaffected by dirty boiler water or foam. 
Sturdily built for long life with minimum servicing. Dial 
may be calibrated to read in % of total capacity, gallons 
pounds or other units. » » » Where records are desired 
Foxboro recorders for liquid level are also available. Fo: 
complete specifications of this and other liquid level instru- 


ments, write for Bulletin 187-3. 


THE FOXBORO COMPANY 


46 Neponset Avenue, Foxboro, Massachusetts, U. S. A. 
Branch Offices in 25 Principal Cities 
























LIQUID LEVEL 
INSTRUMENTS 






OBL CLO 

















The world's 
most accurate 
presstre gauges 


Note. Prices are surprisingly low. Example, $120 for 
a ten-ineh (11°%,” OLD.) gauge with 500 graduations. 


EISE Bourdon Tube Laboratories 


275 NOBLE AVE. 


BRIDGEPORT, CONN. i 
In Collaboration with The A. H. Emery Co 











4 Chemical analysis of magnetic material 
Heat treatment for magnetic properties 
Coil winding, coil treatment and as- 
sembly 
Test and inspection 





." iw 





HURMAN ELECTRIC CO. 


INCORPORATED 


241 Lafayette Street, New York, Nl. Y. 
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MICROSECOND RADIOGRAPHS 


made possible by new X-ray tube 


AIRCRAFT RADIO CONTROL 
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To Speed Up National Defense 


PEED is recognized as an important factor in 
S' ational defense. There are three distinct 
yhases to be considered: (1) The time interval be- 
tween the placing of an order for an item by the 
War Department or the Navy Department, and the 
time when quantity production can be begun. (2) 
The increasing rate of production of such an item 
after production is begun. (8) Speeding up con- 
tributory services. 

Many time factors and speed factors could be 
lescribed individually, but practically all come un- 
der these three phases of “‘speed.”’ 

Patriotic engineers, production men and other 
specialists are not idly waiting for the United 
States Government to 
send them an engraved 
invitation to submit 
ideas: they are working 
out solutions of “‘speed”’ 
problems. 

A few readers of In- 
struments are doing so. 
Every reader should do 
so. This means YOU. 

If the knowledge pos- 
sessed by all readers of 
Instruments were assem- 
bled and imparted to all 
manufacturing plants, 
shipyards and arsenals, 
America would outclass 
any possible combination of enemies by virtue of 
the immensely superior rate of preparation, pro- 
duction, transportation and utilization thus made 
possible. 

The readers of Instruments are patriotic. Why 
are they not all actively working out solutions of 
speeding-up problems and why are not all these 
solutions being considered? 

Because they—and most civilian technical men— 
say to themselves; “In the first place I don’t know 
where to send my ideas; in the second place my 
suggestions would probably be pigeon-holed ; in the 
third place it would take years to get action.” 
_Instruments hereby announces a definitely prac- 
tical method of assembling ideas and of putting 
these ideas to work. The theme of The 1940 Instru 
mentation Contest is to be “Speeding Up Defense 
"hrough Instrumentation.” All our readers—and 
‘heir friends—are invited to prepare brief de- 
scriptions of methods of speeding up production 
nd contributory services. 

The contest will probably close in October, but 
e urge everyone to start now—writing down his 





Automatization 


can do much to speed up the industrial side 
of Defense. YOU are probably applying in- 
strumental methods that should be widely 
adopted by others. Read how to benefit 


your country and possibly win a cash prize. 


ideas; also drawing diagrams, taking photographs 
or compiling statistics if required to tell the story. 
Start now! 

But do not mail your manuscripts and illustra- 
tions until the complete rules are published in the 
next issue of Instruments. These will include in- 
structions for concealing the identity of each con- 
testant by means of a serial number. There will be 
a coupon in every copy of the August issue, bearing 
a serial number. No two numbers will be alike. (A 
supply of other numbered entry blanks will be 
made available for your friends. ) 

So watch out for the next issue. If you know 
others who have ideas, drop us a line ordering a 
supply of entry blanks 
for them, and, of course, 
tell them to start writing 
their brief essays. 

Toward the end of Oc- 
tober (date to be set 
later) a Jury of Award 
including representatives 
of important industries 
will examine all entries 
and award twelve prizes. 
But—and this is even 
more important —every 
manuscript containing 
useful ideas—whether 
prize-winner or not- 
will be published in Jn- 
struments or otherwise made available to all facil- 
ities concerned. 

In other words, our plan is to assemble all sug- 
gestions for speeding up defense through instru- 
mentation and strive to have these ideas adopted. 

This is NOT a duplication of governmental plans 
pertaining to new inventions. Patentable ideas are 
not desired in particular, under the projected con- 
test rules. What the Jury of Award will probably 
prefer is a brief description of what you are doing 
at this moment to speed up your own applications 
with the aid of measuring and controlling instru- 
ments, meters, automatic inspection devices, auto- 
matic gages, etc. In other words, if you have put 
into practice any way of using instruments to speed 
up preparation, production, transportation, etc.— 
any way which others can easily copy—then this is 
the best possible kind of an idea to submit, because, 
if widely adopted, it will reduce the time lag and 
speed up production. 

Start writing vour brief description immediately. 
Watch out for the detailed rules and regulations in 
our next issue but don’t wait. Start now!—MFB. 
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PRECISION GRADE 
INSTRUMENTS 


* 


Moeller mercury thermome- 
ters are made with the Moeller 
Glass Red Reading Column mak- 


ing them easy to read under 





varying light conditions, at a 


~ ° ° ' . 

es considerable distance and over 
_ " 
Red a wide range 

| a 


Moeller dial ther- 
mometers are made 
in various scale 
ranges up to 1000°F. 
or equivalent. Metal 


and Phenolite cases 








Moeller recording thermometers re 
likewise furnished in various ranges up to 
1000°F. or equivalent. Round and square 


cases as preferred. 


Also HYGROMETERS 
RECORDING PSYCHROMETERS 
BAROMETERS HYDROMETERS 
MARINE INSTRUMENTS, ETC. 


Write for catalog. 


MOELLER 
INSTRUMENT 
= —COMPANY 


132nd STREET and 89th AVENUE 
RICHMOND HiLL NEW YORK 





Sales Representatives in 
Principal Cities 
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is taken on 5 ce. gradun 
tior marked ! pl 
barrel Time-porosits 
lat ! ! stand 

lized W.€L. fF 
Gurley , Ful 
. ] \ } 


pigtail or lug terminals 
Electric Corp., South Plainfield. N. J 


MOELLER THE MONTH’S NEW 


INSTRUMENTS 


In this department we strive to report each month ALL the new devices for measurame 
inspection, testing, metering and automatic control—in the form of concise technica 
tions. When writing to manufacturers directly, please mention this department as yc 


of information. Or write to Information Section, Instruments Publishing Company. 





Radio-frequency Voltmeter 


New r-f. voltmeter is said to be unique ir 
that it may be used on power, audio and 
radio frequencies up to 1500 ke. Employing 
electrostatic principle, it consumes no en 
ergy and is said 
to be independent 
f temperature 
frequency and 
wave form. Fitted 
with i self-con 
tained over - volt- 
ige protection to 
minimize danger 
if flash-over when 
used on ordinary 





power frequencies, 
Up to 3500 volts, 
directly connected to 
either a-« or d-c. cireuits. Available spe 
cials 150-volt full-scale model 
down to 20 volts, and high-voltage models 
in single, dual or triple range patterns up to 
5,000 volts. Three standard dials 216” 
314” and 4’ three patterns flush or pro- 
jecting for switchboard mounting, and port- 
ible Ferranti Electric, Inc., 36 Rockefelle 
Plaza, New York City. 


instrument can be 


reading 


High-pressure Densometer 


Permitting testing denser range of paper 
than can be handled conveniently wit 

















maker's regular model 
Densometer, new “No 
1120 High Pressure Dens 
ometet has the same 
general purpost deter 


mining porosity of sheet 
materials in relation 1 
ibsorption of ink, lac 
quers, Waxes, ete., and ti 
rate of escape of ain 
through pores. Test sam- 
ple is clamped betweer 
two heads. Pressure is aj 
plied by a weighted piston 
in the form of an inverted 
eylinder, which floats or 
mereury contained in ar 
outer eylinder, Pisto1 
sinks to displace air whic} 
is forced through sample 
ind a stop watch readin 


Tubular Capacitors to 


2000 Mfd. 


New Type BRH"” elec lytic tubular « 
! vide high-capacity units in low 


Itage applications, are available in capac 
ip to 500 mfd. at 25 volts, 1000 mfd 

I It ind 2000 mfd. at 6 volts. The 

l in physical appearance to the 

iker’s “Type BR vented aluminum con 
iiner over whicl varnished cardboar 
tub lrawn for protection. Dimensions 
ron ad 1-1/16 for smaller sizes, to 
for higher capacities, Choice of 


Cornell-Dubilic 


Duct Thermomete: 


Designed for air conditioning apy 
new “W59A Thermometer” has 
bulb with a mounting clip to pern 
ing bulb at = desir 
within duct The 
has universal mo 


Hii 








bracket which allow 
ise t face right 
‘ front and to be t 
“SA any ingk between 
& ind horizontal. \ 
‘ liquid) colunin= can 
rae from a distance of 
itil feet.” Standard rans 
_ i LSO°F. Finish 
F ished aluminum, Ca 
high (scalk length 
211/32" wide and 11/16” deep (dept 


djustable bracket is 3144”). Anoth 
“W59B,” is similar except that it 
bulb is enclosed in a protecting well 
intended for insertion in water | 
tanks. Vinneapolis-Honeywell Rey 
Co., 2950 Fourth Avenue, South, M 
lis, Vinn 


oy 
750-watt Rheostat 

Model T’ 50 Watt Vitreous En 

Rheostat is added to maker's range f 

ite Rheostats. New unit, filling in be 


the 00- and 1000- 
watt rheostats, is 10” 
in diameter, with a 
‘%” shaft. Regularly 
supplied to mount on 
panels up to 14” 


thick. Maker's vitre 
us enameled rheo 
stats are now avail 
able in 25- to 1000 
watt models in a wide 

resistance 
Available in 
tapered 


range ot 





values 
straight o1 
winding. Single or tandem 
rheostat cages can be furnished if 

Ohmite Uta. Co., 4835 Flournoy 
Chicago, TU. 


issembIl 


Manual-reset ‘“‘Mu-Switch 






Lock-out protection is afforded 
manual reset device now ivailabl 
maker's normally-closed ingle-pol 
Switch (See Instruments, June 19 
147). Manual reset 
comprises an insu 
lated pir project 
ing fro. switcl 
over at end oppo 


Site ictuating but 
ton \ J omentars 
pressure of 4 OZ, ¢ 
etuating butto 
opens contact § cir- 
uit, which remair 
open after pressure 
is removed i touc 
of manual reset button re-establisl 
mally closed circuit. Mounted in 

housing With flexible diaphragms 

ictuating and reset buttons, this sty 
Switch” provides. on-and-off control 
VWu-Switeh ¢ 


hazardous conditions. 


Canton, Mass. 






















D-c. Wattmeter 







fro. i Standard 50-millivolt mil ter shunt 





is announced, Construction is sit 





METERS and CONTROL 
for Boiler Room 






Boiler Meters 
Reduce fuel 
ignetic field is produced by n leeti costs, lessen 
magnet energized fron the = lime lt 







anny Se maintenance 
This magnetic circuit is made from Hiperr 






and outage. low- 


SURE ef p M illoy of iror nd nickel. Existing shunt 
M EA = 7 s ind long, small wire shunt leads as for an erstane by costs, 


a nd add capac- 

















° . meters, may be used for e current circuit 
without even seeing Instruments ure vail fs in ‘ see ‘on ity. They indi- 
the rotating element 544” square or 71)” round switchboard cate, record and 
THE “FRAHM”’ TACHOMETER ee Sncee  ene Or - Seems ae integrate Steam 
: : struments.— Westinghouse Ele & Mf Flow from the 
operates merely by being held against or Co., East Pittsburgh. Pe boile aon 
mounted on the machine under test and + a recor 
mposes no load. There are no belts, gears : en eee Bailey Boiler Meter 
sr electrical connections—simply a set of A-c. Capacitors for plied for com- . PL | 
bustion and record Flue Gas Temperature. 


accurately tuned steel reeds which operate 
by resonance. Various ranges from 900 up 


‘Flea-Power”’ 
Oo Motors Mullti-Pointer Gages for indicating 


pr Sena nee ee aoe nll a i geck Borge ie . = oe drafts, pressures, differentials are available 
: va : stay with any number of pointers from one to 
Write for descriptive Bulletin 1590-1 pend | —— co witors of tl ndiiea; Thee sen cdeanied by stands ioe 

I ia | i ri ip ; ti . sensitive diaphragm units. 


JAMES G. BIDDLE CO. [tage 


ELECTRICAL AND 


SCIENTIFIC INSTRUMENTS 
1211-13 ARCH ST. PHILADELPHIA, PA. 





Electronic Bridge 


New Model 57 Klectronic Bridge 
said to embody a new conception in bridge 
ensurements beside being ised = I 






























ventional bridge t cin be Isedd as 





Multi-Pointer Gage 


Flow Meters. For indicating, reeord- 


ing and integrating the flow of steam, feed 






water, compressed air and other fluids. 


* Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 





gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Rapid and accurate moisture test in per- 
centage by drying. Drying temperature 





Control Systems 








controlled by thermostat. Ideal for plant Coal Meter 
moisture control or laboratory moisture centage bridge and also as a synchrometet Make possible the every- 
determinations. and it permits electrical triangulation not day operation of equipment for steam 
ada Ag gps - ay the majority of possible with conventional bridges. Circuit generation and utilization at test efficien- 
ials is one minute. ' ae Ms é ec, : pa ; 
$ sia ! which is shielded, features a cosine galva cies. They are applied to the control of 
Suitable for granular—fitrous—crystaline ometer, has built-in standards ar pt i I : mee ; elie , 
materials in industries such as sions f xternal stand in Coalvus combustion, fee¢ wate r, superheat, de- 
: Ng ager cao vaxiie enna ws superheat and other factors. 
Sand—Textile—Tobacco eum ie sie id Beste : 
5 the bridge Althoug! it ) tes I Complete Information on any of the above Bailey 
Ceramic—Rubber—Food new bridge has null balanes s all standar products will be gladly furnished upon request. 
Wood—Mining—Leather d-c. bridges. Measurements includ pa G-14 
resistance inductance impedance pow 
| Write for Literature factor and frequency. Sensitivity is suct BAILEY METER 
i to permit letecting change In cay { [ 
Harry W. Dietert Go, | 0 RR 
yn ; ge easures Capa bey 
QITy We. DiCtOTE. BOs | ie teacurements to 300 mesohins are b e COMPANY « 
9330-C Roselawn Avenue true bridge balance. Electron tubes are suy 
Detroit, Michigan plied with the instrument.—The Hie 1041 Ivanhoe Rd., Cleveland, Ohio 





Blectrical Instrument ¢ , ayy 
ive.. Cl d. Ohio BAILEY METER COMPANY LTD., MONTREAL 
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Portable Indicating Pyrometer 


ize portable 
I}’,”’ designec 





Iprie tip 
1 in rectangular 


special 


J-B-T specifications ), 
ensated fo 


etallic method 


EF. range 


rder. Black outer 


16 
Hinged 
equip? 
irrying 


Vallable 


ted iron-constant 


Capacitor Analyzer 


lel BE 





MENTS 
Vol. 13 
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TETCO 


Speed Recorder 


Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced. 


The Electric Tachometer Corp. 
1358 Spring Garden St., Philadelphia, Pa. 








Instrument comes 


t 





HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y. 











TRU-VAC 
VACUUM GAUGES 


(PIRANI TYPE) 


Priced From $39:°° 


Circular on Request. 


CONTINENTAL ELECTRIC CO. 


GENEVA, ILLINOIS 








INTERVAL TIMERS 








PROCESS TIMERS 
SIGNAL TIMERS 








TIME SWITCHES 
___FLASHERS _ 








Write — 


Electric Manufacturing Co. 


AUTOMATI Mankato, Minnesota 








Combustion Furn: 


Designed for carbon and sul; 
minations by combustion method 


new “Varitemp Combustior 


ilso adaptable for combusti 





ind oils for determination 


with Leco Sulphur Determinator. |} 
transformer, pyrometer, voltage 
switches and power switch are all b 


unit and housed in a single ca 
uses three Globar heating 


placed equidistant around the outside 
combustion tube. A uniform high te: 


zone 6” long is obtained in the 


tion tube. This tube is securely held 


by means of a clamp faced wit 


asbestos gland. Electrical wiring 


transformer are all enclosed 


ventilated. On the front of furnace 
rotary switches for selecting proper 
maintain desired temperature \ 
imparted to heating elements 

sum of switch pointer figures. It ma 
creased from 50 to 230 volts in 2-volt 
Temperature is indicated by a fat 
ompensated pyrometer on front of f 
platinum-platinrhodium thermoco 
used. Furnace is 16” in diameter, wit 
lation to conserve electrical powet 


watts.) There ire no exposed 


} 


urts or electrical parts to form 

operator Overall height, 25’ 

length, 17”; standard combination tub 
Harry W Dietert Co., 9330-C Rose 


De oit, Mich 


Portable Polariscope 


New elass strain detector is sald 
extremely sensitive showing compre 


tension strains In opposite col 


existing strains may be inal 





causes determined As illust: 
shows, this form of polariscope is adapt 
» examine glass of any size or shape 
transparent or semi-transparent. Dir 
sions, 6” xk 6” X 6”, with a 5” 


Weight, 3% Ibs. Xervac Instrume 


Main St.. Hartford, Conn 


































Individualized to meet your 
specific instrument design 
specifications. 


Clare Relays are available 
in innumerable coil, contact, 
adjustment and timing com- 
binations — accurately made 
of quality material. 


Clare engineers welcome an 
opportunity to assist you in 
your problems. Personai at- 
tention will be given your 
inquiry. 


Write for 


CLARE RELAY 
LITERATURE 


Cc. P. CLARE & CO. 
LAWRENCE & LAMON AVES. - - - CHICAGO 
15 East 26th St., New York City 


‘ 4 
(CLECTOG MECHANICAL SPECIALTIES |) 








voltage t ll times vou can depend ot 
SOLA CONSTANT VOLTAGE TRANSFORMERS 
ver tor you, even though the 





transformers or perform as aux 


WRITI 






FOR CATALOG 


GCV—22 





2525 Clybourn 
Chicago, Illinois 


Pyrometer Controller 


New “Model 486 Electroni 
for industrial furnaces, 
ploys a contact-less 
relay whereby 


Controller, 
ovens and kilns, em 
ind drag-less electrical 


pointer of measuring svstem 























commands control 
While remaining free at all times and at all 
This relay consists 


clreult ontinuou 


points of working range 


of a small vane mounted under tempera 
ture-indicating pointer ind of two small 
coils mounted upon “spotter arm which 
marks and determines control point. Wher 


between these two coils, their 
mutual inductance is varied. These two coils 
form part of an oscillatory circuit, so that 
variation in mutual inductance causes vari 
ition in amplitude of oscillation. Mechanical 
design (particularly narrowness of coils) 


vane passes 


ind electrical constants ire such that 

change of almost 100 in mutual induc- 
tance is effected by relatively small dis 
placement of vane, corresponding to dis 
placement of pointer over a few degrees of 
temperature (this number of degrees de 


pending on length of pyrometer seale). Vat 


iations in air temperature and humidit 

not affect Operation. Oscillatory circuit e1 
ploys a high-output all-metal vacuum tube 
whose output decreases is vane passes 
through coils, thereby ictuating a Milli- 
vac” vacuum contact type load relay with 
contacts rated at imps. at 110 volts a-c 


non-inductive load, A milliammeter on front 


of controller mplifies pyrometetr scale 
iround control point, shows when rela is 
in on or off position, indicates condition ‘ 
vacuum tube The Bristol Co., Waterbu 
Conn, 


Universal Angle Iron 


Added to maker's line Magne-Blox 
products _ is new Universal Magne-Blox 








mMsists S Ds ne 7 
widtl os 8 l Lt ] 
which 1 be placed val ss] l 
for sur grinding wi t 
cated clamps ( Ov l 

; 74 It l r s g-uy 

time for grinding small pieces, 1 be us 
for grinding all fou sides f squa 
When placed on plane surface of genet 
chuck, new angle iron will actually f 
magnethk rignt ingle which glves ~ 
holding power per square incl is 
itself George Scherr Ce 128 Lafa 





PLASTOGRAPH 


Recording Plastometer—based on the dyna 
mometer principle and practically weigh- 
ing’ the plasticity of the different materials 
Measures consistency over a wide range of 
materials—from fairly viscous, syrupy sub 
stances to unvulcanized rubber. Has been 
applied successfully in RESEARCH as well 
is in PLANT CONTROL (for continuous 


operation) in the following industries 


RUBBER — CELLULOID — ARTIFICIAL SILK — 
PHOTOFILM—ACTIVATED CARBON —PAINT 
—FERTILIZER—STARCH—DEXTRIN AND GLUE 
—TAR—ASPHALT—As well as for TESTING OF 
SOILS for Highway Building 


Can be supplied with various types of mixers 
or agitators—all water jacketed for efficient 
temperature control. Has three different sen 
Sitivity settings and can measure and record 
within each desired range with three times 
and five times increased sensitivity by the 
simple expedient of zero-suppression 


Pamphlet on Request 


BRABENDER CORPORATION 


ROCHELLE PARK, N. J 














Thermometers 
Hygrometers 
Psychrometers 
Hydrometers 











Several hundred 


types and varieties 
of instruments are 
described in new 
Catalog 110, but 
since ALL of them 
are produced in 
ovr own factory 
under our own ex- 
perts’ supervision, 
the best materials 
and high-grade 
workmanship char- 
acterize EACH of 
them 

Our customers 
find special satis- 


© 
a 


= 
* 
* 
s 
© 
~ 
» 
oo 
7 





faction in the 


choice of FOUR 
wy} different styles of 
e ¢ thermometer glass 
' 1. White enamel 


back; 2. yellow en- 


4 amel back; 3 


Hespe: 4. red-read 
ing mercury 





TWO WIDELY USEFUL NUMBERS 
(Left) Ne 169. For 


pressure-cooking 


‘ "0-270° 


processes, with tw scales < 

ind 0-30 Ibs. pressure. 9 scale lengtt 
(Right) N 326. Max. & min. register 
ing thermometer in 12 shelter type 
copper case Approx range minus +( 


to 120°F 


Weksler Thermometer Corporation 
535 PEARL STREET NEW YORK, N.Y 
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Radio Set Tester =| TEST MAGNETIC PROPERTIES | Low-voltage “Tarte = 
ee ee OF YOUR STEELS wae" er ign te 





THE ONLY SINGLE BUTTON ELEC- nw 
TRICAL RETURN FLUAMETER GE 
SIMPLEST AND MOST EFFICIENT 
Bulletin 504 





THREE DIFFERENT STYLES coefficient lamp to cover this 
Portable Standard with single electrical zero range of voltage. Lamp is housed 
return ed, transparent tentte case. It 
Switchboard Type with above zero feature wire leads, and alligator clips. | 
located on flexible lead for bench operation mils. a@ 12 volts. While designed | 
Iwo Button Pointer Shift in place of our for use on 24-volt control systen 
patented standard zero return at a lesser cost ing and air conditioning. largest fi 

icknowledged leaders in cuit checking in airplanes, motor 
development of bigh sensitivity meters telephones, storage battery circuit 


RAWSON ELECTRICAL Littelfuse, Ine., 5757 Ravenswood A 
ini or eupcrecean radi INSTRUMENT COMPANY cago, TU. 


lipment " quare indicator with seak 110 POTTER ST CAMBRIDGE, MASS 
1 ¢ Branch: 15 East 26th St., New York City 
Representative: E. N. Webber 


follow 40-504 le. Microamperes ; 0-500 4358 W. Roosevelt Rd., Chicago, II! Midget Relay 


Noteworthy characteristics of me 
relay, it is claimed, are high d-« 








an LO 000 1 meg 


10 meg. resistance. Decibels. All ohmnx * NATIONAL * hum-free a-c. operation, and W ( 


ings operate fre self-contained bat ~ ~ ~y of coil voltages. Dimensions are 1 
eae TR AEOSTATS | 
popular size up to 1 its The : . 
} a 1051 Ask for Catalog No. 5 
Dano Ave... Cleveland. Ohi« National Electric Controller Co. 
5317 Ravenswood Ave., Chicago, Ill. 


~ 
~ 

















29 
Television Noise Meter FSS ee Dd = 
New Mods S Television Noisemeter + : 
lesigned ir cccordance with recommenda SMALL DRILLS 
tion f R.MA. Sub-Committee on televisior from .0016 up to .1969 inch diam- 
nterferencs Pass-band is wide enough t eter, all sorts of small turned parts. 
Small wood screws in brass, steel, ind mounting, on any type of panel 
etc., turned from the bar. os oe | 


missible due to ungrounded = const 
BLACK GRINDING DISCS Installation is iccomplishe d by a single | 
stud. Where some degree of sensit t § 


desired, positive service be ttaine 
H. C. M. ENGEL, Inc. apt agg «i gly j-aghcosie- PeseAige \ 


Y.4 Ss, h a safe co iuous-d 
P. O. BOX 233, SIDNEY, NEW YORK sagen Dia a \ 


ing of plus two watts without dans 





—_ 











over-heating. Contact combinatior 
st or dp-dt, employing 'x” silver cont 
handle up to 200 watts on non-induct 
loads. Coil and line connections are 
tinned solder lugs The Advance 


Co., 1266 W. 2nd St., Los Angeles, Ce 





Aircraft Navigation 

















per t vate Teld rengeth measurements - i 
"Mt signals down vo levels ofa tew micro. REX RMEOSTAT CO. 2.%)7°% 5 Instruments 
at per meter. In width of pass-band and When ery minute means traveli 
onstants of weighting circuits, Model three miles, fast ind accurate cAaAk / 
Ss 1 id to represent Improvement over ul rec ayia: ) s f ~»Y 
‘ equired. New navigation aids f 
rlier instrument permitting igrition noise Vacuum 2 8 a craft (and small boats) made availabl 
rements closely approaching peak \ Thermocouples ,dvent of permanent, non-warpine 
nd hence true nuisance ilue of igni 
n and other pulse-type noise. Measur featuring 
it i Db ! i »bbly t ! 
: pelt sage crea DEPENDABLE STABILITY 
75 “on gp ein HIGHER OVERLOAD 
tre« ‘ ! I ! ‘ rin 
‘gine aa ir ing acy ag FASTER RESPONSE 
! ‘ ct ‘ t 1d | to 7 ( r 
f bands wit] brat in M 1t Our thermocouples will meet the ; 
: ; ; most rigid requirements. Write | 
i wi miv. Writ urit range cross (U-on? your requirements to— 
Lime 1 to 100 mi volts on set logarithm 
mitput scale. Balanced resistance attenuato American Electrical Sales Co., Inc. 
tea F 10. 100. and 1000 shead of 67 E. 8th ST NEW YORK, N. Y | 
tubs Gain standardization from internal 
hot noise lind calibration dial obviat 
imé need for « rt tuned r-f mplifier 
eliminating image response provision for Old reliable mail order house sel 
tior f Mian ing t colleges, researc bora , : 
= : aneoes : sac ler “om. es —— sts. en oa : ae eks lite plastic sheet, are designed for b 
mace sieangses Paeiagresp pall priptaaa seine hose idditional products suitable for culating and sighting a course, The “DP 
tion from eithe 11 It a r 6-volts dc their trade. Give full particulars tor’ instrument is shown in accompat 
Standard equipment includes power cables, Box 49, Instruments Publishing illustration. Lettering will never scrat 
1 iuntenna ible 4 loop antenna, et Co 1117 Wolfendale St Pitts blur for it is protected by an over-l 
Panel is 9 16”, depth, 11’ weight: 27 burgh, Pa tion of “Vinvlite” resin film.—/Pirect 
Ibs Veasurements Corp., Boonton, N. J struments, New Haven, Conn. 














INSTRUMENTS 
Page 176—Vol. 13 











PORTABLE 


\ 4EATSTONE BRIDGE 





measuring 
ohm 


instrument for 


fraction of an 


gh grade 


nees from a 
megohms. Contains a 4-dial rheo- 
ratio dial, galvanometer an|! bat- 
ill enclosed in a substantial wal- 
ease. Nine coils per dial. Accuracy 
Built to endure, 
Cat. No. 1050—Portable Wheatstone Bridge 


with Murray and Varley Loops. ..$110.00 


Cat. No. 1052—Portable Wheatstone Bridge 
without Murray and Varley Loops.$90.C0 


Send for Bulletin No. 105 


RUBICON COMPANY 


Electrical Instrument Makers 
29 North 6th St. Philadelphia, Pa. 



















| 
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The Widest 
Selection of 


TIMERS and 


CHRONOGRAPHS 
Best Quality 

in every 
Price Range 


JULES RACINE & CO. 


FREE 
Catalog 
on request 









© 20 WEST 47" ST., NEW YORK 


y 





Phase Sequence Indicator 


Consists of a small three-phase inductior 


motor mounted in a Bakelite case and fitted 

with an aluminum disk which instantly” 
indicates direction of phase rotation on 

three-phase sup 

ply ror ble 

rdel ( in be 


readily carried ir 
i pocket, is fitte 
with 
Muel 


ler lips nut 


Wit! 


bered i. 


Switchboare 





tare a1" 


mounting models 
can be supplic 
ilso, in either of 
the 21,” flush or projecting patterns. Thes: 
Instruments can be used on line from 11 


to 550 volts 
particularly 
to know the 
elreult. Ferranti 
feller Plaza, Neu 


ire sald to be 
Wherever it is nec 
rotation of a three-phase 
BRlectric, Ine it Rocke 


York City 


zo to 1235 
useful 


eycles 
ssal 


phase 


A-c. and D-c. Relays 


New No. 25’ relays has beer 


series of 


developed to meet specifications calling for 
high r-f. insulation, medium contact load 
low power input, ruggedness and compact 
ness. Under life test, adjustments maintained 
for more than 7,000,000 operations and heat 
rise Was less than 25°F. Contacts are pur 

silver, '4” diam., will carry 10 amps., 110-\ 

60-cycle, Alsimag insulation is non-hygro 
scopic, 5000 volts to ground Capacity to 


ee ae 
ground 2 mimf., between contacts 0.5 mmf 
between poles 1.5 mimf. Input 1 watts d.c. 
or ac. WIth Lo g. pressure on each back 
contact, 0.06” gap. By proper onnec 
tion, relay may be used as s-p., t. or d-t 
multiple or series break D-p i-t odel 
ilso available Kurman Electric Co., Ine 


41 Lafayette St., New York Cit 


P-f. Correction Capacitors 


Comprehensive line of capacitors for power 


nt 
1 tior i nts sy IX I t 
re 2 v by 1 thicl ! rs. 
or f 1 os 
fd.), a bl ns I 
to 2S Ww tag ting ex 
pt f 11 ar -% t 
it 12h t Py pe KS S 
l le ! | . 
nfd wit I g 
6 1%,’ ] I j . 2-24 
It n | KW I ‘ t 
1-7/16 +} z 


1 
re Q/1¢ 
\ i? 











For Extremely Close 
Temperature Controi 


Visual-Stats 








@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional straight form 
@ Send for brief, attractive bulletin 


The Philadelphia Thermometer Co. 


915 Filbert Street Philadelphia 


Oldest Thermometer Manufacturer 


in Philadelphia 














FALSTROM 


Suey! 


7 Pr EE L 
PANELS 


FALSTROM Precisioned Steel 
are specified by engineers for their 
Strength Durability . . . Fine Ap- 
pearance . for use in— 





Panels 


POWER PLANTS 

OIL REFINERIES 

PUBLIC UTILITIES 
PROCESS INDUSTRIES 
COMMUNICATIONS 


Send blueprints. Write for bulletin P 


ALSTRO 


COMPANY oF DASSAIC NW. J. 
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Light Meter with Electronic 


Amplification 





Fig. 1 

o} t ! 1.« is balanced for line 
volt iriations without use f batteries 
ol Ooltage stabilizers for power supply, i 
designed particularly for measuring low 
‘ 1 f illumination on small areas (ex 
ample i small spot of an unevenly illumi 
nated urface) High-gain implification 

i} it possible to use i rugged micro 
iimeter is indicator. Sensitivity is said te 
be ibout 1000 times higher than that of a 
conventional photometer using «a barrier 

ver cell directly connected to the same 
microammeter. Outfit is a portable unit com- 
prising instrument proper and search unit 
Latter houses phototube ind is provided 
with a turnable disk having various open 
ins ise«d ft ibtain four sensitivity ranges 


BAUSCH & LOMB 
SPECIAL OPTICAL PARTS 





y research require special made to Bausch & Lomb his 
oa parts for experimental! in- standards of accuracy Scans 
iment the Bausch & Lomb its own glass plant, Bausch & 
booklet Lense Prism Mir- Lomb exercises complete contro 
ror will furnish you with in from raw material to finished 
aluat data t i available product 
type ot optica part Listed 
t ej ire numerou tem of A copy of the booklet will be 
1 calcite and «quartz with ent free on request Write t< 
he foca engtt dimensions fausch & Lomb Optical Co., 61 
‘ and price All are St. Paul St., Rochester, N. Y 


BAUSCH & L 


OPTICAL COMPANY 





CH&I 
TANDARI 





MB EYEWEAR, MADI 


t t of 1, 1 100 and 1000. Two differ 
ent models of search units are ivailable 
f neident ght, of round flat box shape 
for transparent light, of tubular shape witl 
pointed light intake 100-division scale of 
ndicator (Fig. 2) is \ long, shows dé 
flection I ! | \t highest sensitivit 
nee ( I tIVISIOT represents 0.000 it 
Lt. Thi il new photometer suitable for 
r fluorescence luminescence, weal 
! tior Tyndall light, ete., also a 
t-sensit part of colorimeter ler 
t pectrophot neters, ete 


3 0 ” st 0 





105 






) Ee > 
; Fig. 2 1 : 
lniplifier: Photometer’s line-operated, sta 
jilized, high-gain d-c. amplifier lends itself 
for ust Bi other measuring instruments 
wherever voltages or extremely small cur 
rents are to be measured in a high-resist 
ince input circuit, as in vacuum-tube d-« 
voltmeters, insulation meters, pH meters, 
onization current indicators, ete. It is said 
that in conjunction with an inexpensive 


d-c. amplifier 
galvanome- 


iting Instrument, 
extreme-sensitivity 


indic 
u replace 


current 


ters as a null indicator or as a_ direct- 
reading instrument Photovolt’ Corp., 1 
Fast 40th St., New York City 


Carbonation Controller 


For bottlers of carbonated 
Carbonation Controller 


beverages 


ally 





automati« gives 


uniform gas volume to the carbonator re- 
gardless of changes in water temperature 
” pressure in gas cylinders. Setting for 
various gas volumes is done by turning 
knob at front of case. Plants bottling a va- 
riety of products develop a setting for each 
product. Once this setting has been deter- 
mined, controller will always deliver desired 
carbonization, it is said Manning, Maa 
well & Moore, Inc., Bridgeport, Conn 


OM B 








using th 
with cha 
duces co 
brochure 
Mimeogr 
mendous 





folio “How to 


333 SIXTH AVENUE 


Save Money with VARI- TYPER 


Thousands of 


money by 


gee Writer 


business organizations 
e Vari-Typer the 


ire sat 
composing 


ngeable faces and spaces. This office machine r« 
mposition and printing costs for statistical forms, 
s, charts, bulletins, italogs, etc for either 
aph or Offset reproduction. Investigate the tre 
savings possible in your business 

RITE TODAY tor new demonstration port 


Profit by Using Vari-Typer 


with actual samples of work produced. 


RALPH C. COXHEAD CORPORATION 


Manufacturers of Vari-Typer 


NEW YORK CITY 
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Power Resistor Decad, 


\ pe 
be inserted in 


wer resistor decade b 


ictual cireuit 
working conditions t« 


election of « 


simplif 
orrect” resistance 
eireult or 


for 


condition, is 
] ibor 


ny 


marily 


itory use, calil 





development work generally R 


range covers 1 to 999,999 ohms at 
mum of 1000 volts, by means of 
switches. Each decade will dissiy 
225 watts. “Greenohms (ce 
wire-wound power resistors) ars 
the resistance elements, together wit 
insulated wire for connections. M 
current per decade is as follows Y 
ump.; No. 2, 1.5 amp.; No. 3, 0 

4, 0.15 amp. No. 5, 0.05 amp. No 
amp. New instrument is said to br 
oratory instrument grade through 
grille at bottom, and louvres at si 


top, provide ventilation of resistance 
\ baffle plate protects switch mect 
from heat. Dimensions, 13” * 8&', 

high weight, 11 Ibs Clarosta V 


Inc., 285-7 N. 6th St., 


Brooklyn, N 


Refractoriness Meter 


New “Sinter Meter is an apparat 
letermining the refractoriness of 1 
sands, clays, refractory mortars and | 
ete. Refractoriness is determined by 
sample under the 
platinum rhodiun 
ribbon of the meter 
Ribbon is heater 
until sample in con 















tact with it is fused 
which causes a por 
tion of sample to 
burn oT ribbor 
Temperature of rib 
bon is measured by 
means of an optical 


74 miper 
Which the 


pyrometet 
ature it 


first fusion take 
place is determined 
by raising ribbon 
ff the sample 






Whe fusion takes plac ribbor 

mpl Ribbon is electrically heat 
irrent is controlled by mear f 
former and Varitran. Incipient fusl 
perature letermined ji termed I 
temperature ind the test is made 
cordance with A.F.A. specifications 
W. Dietert Co., 9330-C Roselaw) | 
troit, Mich. 

















Alarm System 


is Continuous Combustible Ga 


ste is designed to register com 


is-nir or varor-alr concentrations 
conditions in which they exist. It 


three main part (1) Indicato 





heads placed in the location to be 

led. (2) Panel box in and on which are 

ed: a) Voltmeter, b) relay meter, c) 
controlling alarm, b) rectifier and 
sformer, ¢) control switches and _ but- 

d) buzzers which sound alarm should 

pen’ occur in bridge circuit—as blown out 
filament. (3) Pump which draws the sam- 
into the indicator heads. Indicator head, 
explosion-proof housing, contains active 

nd comparison filaments. Both inlet and 
itlet sides of chamber into which continu- 
sample is drawn are protected by flash- 

ba irrestors. (Special flame arrestors are 
iilable for hydrogen-oxygen or acetylene- 
en.) As cover of housing is removed, a 
vitch is opened so that the filaments may 
be safely changed in a hazardous atmos- 
phere Panel box may be located in any 
free area where most convenient. Spe- 

| attention is called by maker to illumi- 
ed bullseye which shows blue and sounds 
buzzer when there is any “open” in the 
bridge circuit. An optional feature is that 
when an alarm sounds, showing hazardous 
onditions, a separate relay may be caused 


close starting up ventilating equipment to 


reduce gas or vapor air content; or appa- 
ratus may be shut down. In such a case 
there is an additional push button on face 


panel by depressing which the ventilating 


equipment may be shut down or the appa- 


ratus started Davis Emergency Equipment 


ar, Inc... 55 Van Dam St., New York City 


Mechanical Counter 


New mechanical counter of advanced de 
gn has been named the “Silver King 
ich operating function, it is said, has beet 
roughly studied and perfected. Heavy 








imber wheels ire replaced by Bakelite 
educing by 85° the weight tnat must be 
rted and stopped with every count. U! 
reakable windows of reinforced plastic 
ire said to be streamlined to avoid 
dows. Four years lesign effort, it 
. has produced something entirely new 
mechanical counter first model on test 
inted it 60,000) per hour, ind on long 
ns it 36,000 per hour. Production In- 
iment Co., 702 W Jackson Blvd., Chi- 


o, Ill 


‘inuous Combustible Gas 








Sound testing chamber for calibrating 
microphones and other acoustic devices 


at Bell Telephone Laboratories. 


Acoustic Instruments you can trust! 





Acoustic measuring and testing 

equipmentis valuable only to the 
extent of the precision with which it is 
calibrated. This accuracy must be 
maintained through constant use. 

All Erpi acoustic equipment is cali- 
brated from standards supplied by Bell 
Telephone Laboratories. It is backed 
by the long experience and continuing 
research of Bell Telephone Laborato- 
ries, and is made by Western Electric. 


You can count on Erpi acoustic equip- 
ment for precision performance under 
constant use. 

For further details, write our Engi- 


neering Laboratories. 


Electrical Research Products Ine. 


Western Electric 
195 BROADWAY, NEW YORK, N Y 


Engineering Laboratories: 76 Varick Street, New York 











.. Bodine has over 3000 


INSTRUMENT MOTORS 


All Types - All Sizes 








As) to | 6 hp 


Bodine makes more types of 
fractional horsepower motors 
in these sizes than any other 
manufacturer. In the Bodine 
line you will find a standard 
motor that will fit your re- 
quirements, without paying 
for special construction. 
Bodine motors are built by 
experienced craftsmen, using 
only high-grade materials and 
precision-built parts. They 
are quiet and smooth running 
and give long years of trouble- 
free operation. Makers of the 
finest instruments 
use Bodine motors. 





MAIL COUPON 
FOR FREE BOOKLET 


ee 
BODINE ELECTRIC CO 
244 W. Ohi S hicaa 


see eee enee 
2 
3 








BODINE 


FRACTIONAL H-P 


MOTORS 
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Industrial Timers 


ne Me Stop 






































































with id Walls, which rests on square ° 
rule nd against can walls, and int Uniform-scale, Magne 
\\ vVhich the ingle Bakelite disk fits. Rubber = li 
. lisk has several slotted sle« which slip coupling Flowmete: 
‘ ! lot f ti Bakelite dise. Througt 
vint , Announcement is made of a m 
nd ae 5 bbe sleeves pass the inode OF POs indicating, recording, integratin 
tub r} construction provides rubber bination flowmeters, for stean 4 
i tab icc ilaremetal ioir ¢ een ; ' . 
: a 7s seas i a sey” co Aecacrae “ts ind gases. Operating in conjuncti 
f ibbe sich alias ras can reach Orifice or other differential produc: 
line, new \dsco” flowmeter there} 
t i ” ion \mong thet — constant 
! pot-welded connections, sealing F 1d ty pe 
nst electrolyt eepag positive pin-hole Ver mates 
nt ponsl t excessive 2 pressul ry ) & a 
le normally lf-sealing lerovor Co i is ; = 
Ne Bedford. Mass \ 








. Sew 4 ce : itilize new prin 
Dial Micrometer for Sheets poet ied 
Designed for steel mill sheet finishing and embody exclu 
hipping part nt new Haine Dial : me 
Mic t nr r 1 supplementat 
‘ a line f ito tic micromete) 
AIR RELEASE SCREW 
ZERO ADJUSTMENT 
! I we SPINDLE 
4 
' br 
ni i NON-MAGNETIC 
| spring a TUBE 
ey Hap 
AL Ye oe) 
ntinual a ‘thy ? 
' se tir +tya | SUSPENSION 
’ Lib 
n independent } = rt \y SPRING 
’ } for =>. ral “ i 
3 eh 
¢ } ’ 7 + q J fi 
; , ? . | if f PEN 
: a { Bi LAT 
had ox ete fE=H tt 
\ 1 right N 111” wit 1 i 
= wm. Zreoonsee RE=H i 
1 Ve } ( ZB i FOLLOWER 
ieSi+ rf MAGNETS 
I 
==} 
Tec Fibap: : 
-f: te ms 
Multi-range Tester ae oe ee eee Al iaceeis Sseun 
‘ S . R S \ graduation lable at arm’s length = in a Pee i of differer 
! I : t sandths r other gauge standards is | TRANSMISSION IS eller 
sad n ; + ates . frict 
x tug ld in right hand with fingers through han- MNOMET a 
' to { , t} nd perated by rotating dial by f A 
thumit f finger. Special feature is ar : nal 
ijustabl pointer n toy f dial, which can ern an floatir 
” set at ' specified gage on the dial ™ LIMIT VALVE ae 
Ther n gaging material, operator has an SEATING er squ 
liate check if pointer falls opposite LIMIT VALVES oot extraction 
post ” Knows his material is ing accomp 
plus o1 nus if pointer falls right or left of Lutomatic 
I post Haines Gauge Compan —BELL mmetr f 
N Fourt Ntreet Philadelphia Pa involy d Ky 
pended unit t 
indicating point 
M i . | ; oo CONTAINER oording pen t 
u tip e-purpose ester i cobalt-steel type 
| ' netic 1 ing thi 
Maker Model 414 Universal DeLux: : +-MERCURY ter fee 
; i ube of non-1 FY 
Multitest s now available n four addi ify | 
; llo obvi Ing 
nal styles Model 414 Series V7" has if i - A ; ae 
ne ¥) if stuffing boxes b 
B lite quat ind t with we { uo H , ie “a nd it 
On week’ mete! Ol int l 
i ment mechanism, [1 
nal contour of bell 
iz ni iry surface at minimal 
flow that ultant force is adeq 
ictuating pointer ind pen-arn it low 
flow ites where rwecuracy . lesire 
! bat ix deecibs tegrating mechanism imposes no drag 
1 x t t rar m meter elements, being powel1 t 
. synchronous a-c. motor (as is re 
} 1} chanism ) Meter body, ind inst 
| 
: ent movement are independent assemt 
kK " yy Conver n of meter from one 1 
notl is facilitated Equalizing \ 
limit ilves, zero adjustment, strainers 
. ) ternal illumination and other safe 
Refined Prong-base onvenience features are provided. Re 
’ ; - : arts, all 11” diam re available it 
Electrolvtic Capacitors standard inge Integrator gives 
5 idings on five-digit register in ar 
: : units, employs a positive mecl 
new W ip principle of operation nd fundamer 
‘ I f t reometric principle f eyclic integrat 
ngs; mini t ! ex no amount of wear or ill-usage sl 
bett round ctual mechanical damage can affect 
~ ring t xcept racy f chanisn Six types of 
! nine t r rack nozzle ind Venturi prima levi s 
r lor i ul Die re iVvailable is well S « ling « 
sloping, to it I bers for steam work and other instal 
SK and yppen-f 1 i na Y 4 instantly re- cessories An auxiliary pressut rec 
I ithode-tab noved = fi th panel Model RP9 s can be fitted to any model to record w 
| Se} by lent il t RI except that indicator is ing pressure on same chart as flow 
\l nst tior ’ round for Radio City Products ¢ imerican District Steam Co... North 7 
} anda, N } 


























V olt-ohm-milliammeter 


switching by a simpler 
make new “Model 1200-F” 
itomati« volt-ohm-milliammete: 
button pressed for any 





itton was 





need be 


test setting. Ranges and charac- 
D-c volts, 0-10-50-250-500-1000 
hms pel volt A-c. volts 0-10-50- 
1000 at 1000 ohms per volt D-« 


ps, 0-1-10-50-250; D-e. microamps 


rough separate jacks) Resistance 
low ohms, shunt type circuit; 0-300, 
RP, ms 0-3 and 0-30 megohms, series 





circuit. Self-contained batteries for all 
nges. Output readings available on a-« 
itage ranges, through a built-in '. mfd 
pacitor. This is said to be the first tester 
n which only one button need be depressed 
ike any test.—The Triplett Electrical 
wmment Co., Bluffton, Ohio 


Repeating Cycle Timer 


New Flexopulse” is a repeating cycle 
er which utilizes reversing action with 
it reversal of motor to provide what is 


contact in 
operations 
lights, 


con- 


iid to be an extreme range of 
ontinuously repeating 
It is designed to control 
electric furnaces, temperature 
ols, ete. One feature of timer'’s design is 
that the evel ind percentage of contact 
time adjusted without chang- 


series of 
motors, 


valves 


losure may be 





in en- 





wit I { I n nel 

t tar puem yy 
I t ppl not 

Vele \\ ! 

lor { re 1 1 
] i, new b ! i 
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“Recording Thermometer” 


You Satisfied? 


That the instruments you now use are the last word in accurate registra 
tion of temperature? 

Do you find the need of a more accurate record? Palmer Industrial and 
Laboratory Thermometers with our patented ° ‘Red-Reading-Mercury” fea- 
ture are known everywhere for sensitive and accurate temperature re iding. 
The Palmer ‘ ‘Superior’ Dial and Recording Thermometers carry the same 
high standard of qui ality . and you will be amazed at the accuracy and 
quick reading. We invite you to be shown. 





Write for Bulletin No. 1300 No. 1500—Dial 


THE PALMER COMPANY 


Dial and Recording Thermometers 


CINCINNATI, NORWOOD, OHIO 
TORONTO 


Recording, 


Manufacturers: Industrial, Laboratory, 


NORWOOD AVE. 
CANADIAN PLANT: KiNG AND GEORGE STS 


2511 














LITTELFUSES- 


“Ouicker than a short circut 


INDUSTRIAL INSTRUMENT SERVICE | ve ese 


CLAUD S. GORDON CO., Cleveland—Chicago—Indianapolis radio, auto, et j mountings. Neor rs and vr 
LITTELFUSE, INCORPORATED 


4759 Ravenswood Ave., Chicago, I 
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LEWIS B. SWIFT —President of Taylor Instrument 
Companies, Rochester, N. Y., Toronto, Canada, and 
London, England producers of tl vusands of different 


scientific instruments. Engineer head of an organiza 


tion which designs, makes and installs control sys- 


tems for every major industry in the United States 
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Hed chemical processes ing operations in the oil indus- 
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A MESSAGE TO AMERICAN 





INDUSTRY 


“We offer all our resources... the 
skill of our engineers, and every- 
thing we know about precision 
control after nine decades of ser- 
vice to Industry—to help you 
speed up the production of goods 
essential for complete prepared- 
ness, both to assure national secu- 


rity and to maintain our American 


way of life. 


“Speed up! Speed up! is today’s plea te 
Industry. 

“Speed up, so that this country can pro- 
duce now all that we need now, makin: 
\merica’s preparedness a fact, not just 
hope— 

“Speed up the steady, smooth operation 
of every plant and factory from coast 1 
coast— 


“Speed up, and still produce better thin 
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L . SWIFT, President, TAYLOR INSTRUMENT COMPANIES 


than in quieter times—more uniformly 


clothing, food, petroleum products, 












ticles for national defense. And produce ausser—No matter 


how freat the speed 
many more of them at lower costs! as pes. cagas 


in the processing of 
*S | Pea . rubber — nature’s or 
Speed up, without sacrificing the safety man’s —Taylor Instru- 

i ents automatically 
f men or machines. ments automatically 


help to guarantee 


lasting strength. 





“Speed up, without putting too heavy a 
burden on personnel or payroll. 

“Taylor is ready to help you speed up. 
Taylor Precision Control of temperature, 
pressure, flow, and liquid level will help 
you modernize your plant. Taylor’s indicat- 


ing, recording, and controlling instruments 
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will help automatically to insure efficient 


temperatures and 
. . a] . . i ressures with Taylor 
operation in a new plant. Taylor will give NG ‘awcamantiomrsectiipen 


insure constantly unt- 


you the one right instrument you need for 





form high qu ality 





one part of one operation—or the one 
complete and correct control system for 
your whole production process. 

“For nearly ninety years, helping to 
speed up Industry has been Taylor’s biggest 


job. It never was a more important job 





TEXTILES—In this vi- 
tal industry, the 


l'aylor Instrument Companies have speeded a aa 


than right this very minute. That’s why 


. . rly . s] sher control SyYS- 
up their own production. That’s why you cayenne hy. 


] 
tem automatically Te- 


must. You must be prepared, because cords and controls 
lemperatures Finer 

America must be prepared! cloth is thus made 
ister 


wR 





PRESIDENT 





laylor Instrument Companies, Rochester, N. Y. 
Toronto, Canada. and London, England Indicating Recording - Controlling 





TEMPERATURE, PRESSURE, FLOW 
and LEVEL INSTRUMENTS 








x 





INSTRUMENTS 
July 1940—Page 183 











Intelligence and Instruments 


By L. W. WALLACE 






Director of Engineering and Research, Crane Co., Chicago, Illinois 


HROUGHOUT the there have been 
nresent both intelligence and instruments of some form 
and value. There indicate that at 


order of intelligence prevailed, and that instru 


history of man 


are records which 
ments, though crude in comparison with those of more mod 
good effect. It true that 
that the reverse conditions pre 
To find evidences of both good and bad, one 


times, were used to also is 


there are records to show 


alled at times. 
joes not necessarily have to resort to ancient history. Per- 
haps we would not have to go far in point of either time or 
place to find the results of a low order of intelligence or the 
effects of using instruments of “bad odor.” Indeed we may 
find such evidence too near for comfort. It is such conditions 
vhich give us concern and are the reason why we are here. 
The 

ce en 
cases of excellent performance to justify the raising of any 
question when it is known that such a combination prevails. 
But a couple consisting of either a low order of intelligence 
and good instruments, or good intelligence and poor instru- 
ments, is to be watched. It is profitable of course to divorce 
such couples as soon as it is known that they are present. 
The more dangerous couple of the two, in most if not all in- 
stances, is that of a low order of intelligence and good in- 
If there is present a high order of intelligence, 
satisfactory results be obtained with less than good 
instruments, but the not true. There are other 
possible couples with variations of degree of competency 
and reliability of the two factors involved. 

For the sake of further analysis, assume that the instru- 
ment to be used is well adapted for the purpose at hand and 
that mechanically it will stand the gaff. Some may conclude 
that the job will be well done. In all but the most simple 
situations—which type of situation is not playing any part 
in the present such a conclusion is fallacious 
and may result in great economic loss or property damage 


combination of a high order of intelligence and ex 
t instruments gives no concern. There are too many 


struments 
may 


reverse 1S 


discussion 


or both. 
In many important situations, regardless of how excellent 
the instrumentation may be, there is no substitute for hu- 
man intelligence. Let us take a look at some questions which 
arise. 

1. Is the operator infallible as to (a) the application of 
and (b) as to its operation? There are 
nany situations where the correct application and operation 
are of the first order of importance. In 
mproper application or operation may invalidate the value 
f all data collected regardless of the merits of the instru- 
Unless the operator is fully aware that such is true 
instakingly obtains the required type of application 


the instrument; 


such cases either 


and pa 
1 operation, all will be lost. 


2. Is the operator infallible with respect to the conditions 
to which he subjects the instrument? If he is, then he will 
re t ughly informed as to the design, purpose, operation, 
care required and the limitations of the instrument, and he 

not mistreat it with regard to any of these factors. To 

ate any of them means jeopardizing the reliability of 
results obtained. 

Is the operator infallible as to the program in regard 

such factors as: (a) frequency and character of read- 

ngs; (b) the number of readings to be taken in order to 


the necessary body of data; (c) the quality of read- 
where tolerances may be very limited or 
udgment there is no more difficult 

mportant function of an operator than program mak- 
ng. It is in many cases far more important than the selec- 
of the instrument to be used. Perhaps in no other one 
rd is more time and effort wasted than in unintelligent 


asonably so? In my 


° rte t.4] June 6, 1940, dinner meeting of the Chik 
ont s 
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program making. There is certainly no substitute fo 
order of intelligence with regard to this matter. 

1. Is the operator infallible in the analysis of the 
obtained and the deductions made therefrom? This of 
concerns the end result sought from the very beginn 
the analyses and deductions are faulty, then the ent 
fort has failure. A quotation from Lord | 
seems appropriate here. He “Accurate and 1 
measurement seems to the non-scientific imagination 
lofty and dignified work than looking for something 
Yet nearly all the grandest discoveries of science hav: 
but the rewards of accurate measurement, long-cont 
labor in the minute sifting of numerical results.” 

Lord Kelvin recognized the great value of accurate n 
urement, but the emphasis placed upon the long-conti! 
labor in the minute sifting of numerical results is t 
noted. If the operator be of the type referred to by | 
Kelvin as having a non-scientific imagination, then a, 
full value will not be realized from the effort because th 
will not occur the requisite minute sifting of numerica 
sults. It has been my observation that it is rather diffic 
to obtain that minute sifting desired. In many cases thi 
is a certain amount of exhilaration in collecting data 
less in determining what story they tell. 

Consequently it is usually much more difficult to get th 
intellectual, analytical job done well than it is the mecha 
cal one of collecting the data. Here again the instrum: 
however excellent it may be, is not all of the answer 1 
the major part of it in many cases. 


been a 


said, 


»). Is the operator infallible, again quoting Lord Kel 
to “‘the shady, doubtful distinctions between truth, half 
truth, whole-falsehood? In the laboratory everything test 
or tried is found true or not.”” Instruments may tell th: 
whole truth, a half-truth or a falsehood. They are not 
fallible. They are not always 100 percent accurate. It 
juires human intelligence to determine their degree of 
fallibility and make appropriate allowances for it. 

6. Does the operator recognize and allow due weight 1 
only for his own fallibility, but also for those associat 
with him and for the instruments used? A 
these factors is essential if the results 
required. 


weighing 
end are to be 

Perhaps other questions could be stated relating to t 
infallibility of the operator. However, those given are suft 
cient, it seems to me, to make a case in favor of the int 
gence factor in any situation involving measurement. 1 
mere statement of the questions should be sufficient rega 
less of how adequate the answers may be. 

I am quite confident that we 
and significance of such questions; and the moment e: 
was stated the answer instantly appeared in vour mind. 

I have not to the 
questions stated comprise a part of my experience, whic 
feel sure has been a part of yours. In this regard my « 
perience has covered a rather wide range of activities, 
cluding production control and research. 

You will recall that the questions concerning the operat 
were based upon the premise that there was no questio! 
to the excellence of the instrument within and of itself. 1 
premise relieved the operator of the function and res} 
sibility of selecting the instrument, which within itself 
volves knowledge and judgment. 

It will be readily appreciated, of course, that if the c 
rect instrument were not selected then all the hazards wl] 
rest in the operator would probably be magnified. 

It is axiomatic that any job worth doing at all is wor 
doing well. It likewise seems axiomatic to me that in 
cases nothing less than the requisite quality of intellect a! 
instrumentation is the only road to satisfactory accomplis 


here recognize the imp: 


endeavored labor issues, but all 1 











[he one who skimps on either or both is deluding 
and will surely meet with disappointment. 
liscussion thus far has been in terms of mechanical 
ents and the human factor. It is my feeling that 
business nor industry has utilized to the fullest pos- 
legree mathematical and statistical methods, if you 
as instruments. There is far more to be obtained 
these methods than most of us realize. I feel confident 
ve shall use these methods a great deal more in the 
than now. They will supplement and complement the 
mentation now in vogue. It is obvious that they will 
re a high order of intelligence, in some respects per- 
even higher than that now found in most companies. 
f such training will certainly approach the solution 
iany problems on a sounder basis of logie than is often 
case now. They will be stamped, in all probability, with 
sser degree of fallibility than is sometimes found among 
ators. 

nstruments in the sense we know and use them are not 
d in terms of hundreds of years. In fact, instruments of 

cision, refinement and control are not over one hundred 

ars old. Many of course are of recent vintage and almost 
daily improvements and additions are being made. They 
within themselves represent the application of a great deal 

hard thinking, years of accumulated experience and com- 
nendable foresight. 

Let us examine briefly the background of modern instru- 
ents as disclosed in the life and work of one man, who 
vas born on June 26, 1824, slightly over one hundred years 
ago. 1 refer to William Thomson, who became Lord Kelvin. 
[ have selected him as an example because he represents in 
a marked degree what results from a combination of brain 
power, an inquisitive mind, an inventive ability and prac- 
tical common sense. His life story is a complete answer to 
many questions relative to intelligence and instruments. 

It has been said of Lord Kelvin that “his precocity was 
remarkable.” We are ready to believe this in the light of 
the following condensed record. 

At the age of ten he entered Glasgow University. At the 
age of thirteen he took the College prizes in Mathematics, 
Natural Philosophy and in Logic, and at the age of twenty 
became head of the Department of Natural Philosophy at 
Glasgow University, in which capacity he served more than 
fifty years. 

He established there the first experimental laboratory 
vherein students could obtain practical experience. He may 
be said to have been the first to combine intellectual capac- 
ity in the sciences with experimentation and instrumenta- 
tion or with what we know today as applied physics and 
engineering. Because of this it has been said of him, ‘“‘Neve1 
was so great a physicist, so great an engineer.” 

The marriage, through Lord Kelvin, of intellectuality, 
xperimentation and instrumentation, among numerous ac 
complishments, gave to the world the following: 

An established Second Law of Thermodynamics; 

The absolute scale of temperature and mathematical for 
mule whereby this could be compared with the temperature 
given by a gas thermometer; 

Proof that electrical oscillations are set up when a 
charged electric condenser is discharged, which is the basis 
of all methods used for tuning in wireless telegraphy and 
broadeasting. 

The foregoing list could be materially extended. 

In such work in fundamental science and in the estab- 
ishment of basic principles, Lord Kelvin early recognized 
the absolute need for experimentation and accurate meas- 
irement. As a consequence he and those trained by him are 
esponsible for a long list of instruments used for many 
surposes. Among them are: electrometers, voltmeters, mir- 
or galvanometers, tide predicting machine, gyroscopes, ma- 
ine compass and many others. 

[ have used several quotations from Lord Kelvin. Permit 
ne to cite some more in order that you may refresh your 
nemory as to his philosophy. Said he: 

“Science is bound by the everlasting law of honor to face 
earlessly every problem which can fairly be presented 
to 1t,”" 

And again: 


“When you call a thing mysterious, all that it means is 
that you don’t understand it.” 

It has been said of him: “No one was more punctilious in 
working out the mathematics of a 
numerical 
results of experiment.” 

In view of the 


and obtaining 
with the 


subject 


expressions which could be compared 


foregoing, what would be the answer of 
Lord Kelvin to a question concerning intelligence and in 
struments? Can there be any doubt that his answer would 
be that they complement and supplement each other. Either 
alone is not sufficient; both are required if the total answe1 
is to be obtained. 

I have given the time I have to Lord Kelvin because it 
seems to me that his approach and methods exemplify the 
very thing we are striving to realize. Furthermore, his con 
tributions to the world of science and engineering are proof 
sufficient that the intelligent use of instruments begets re 
sults of extreme value, consistency and accuracy. On those 
occasions when you feel the need for mental refreshment 
and an increase in courage, turn to the life and works of 
Lord Kelvin. It may like 
recommendation to the men in the front office. 

We have been speaking in terms of available instruments 
and have said nothing about existing gaps. There are gaps. 
There are fields badly needing entirely new instruments 01 
a logical adaptation of existing ones. Only recently several 
such cases have come to my attention. 

Rubber is a material being used in an increasing amount 
and for new purposes. It is my feeling that we have not 
used rubber to the degree which it would be advisable in 
terms of its mechanical properties. Its use is being retarded 
because apparently there are no methods of control which 
give both the manufacturer and the user positive assurance 
that a rubber of definite characteristics and performance 
can be obtained from day to day. There appears to be no 
definite means of testing rubber whereby the user can de 
termine positively that successive lots meet his specifications 
of purchase. 

There is a great need for recording electrical resistance 
strain gages. These most useful in the field of 
transportation. 

A prominent authority in the power plant field recently 
expressed the need for a low-cost instrument for showing 
the thermal efficiency of industrial furnaces. 


be well on occasion to make a 


would be 


There has been expressed a need for the design and con 
struction of a fatigue machine capable of testing full-size 
elliptical springs. 

A thermocouple for high velocity is required. 

There is being developed a high-speed camera to be used 
with an oscillograph and stroboscope to analyze motion. 

Means of detecting and measuring stresses in inaccessible 
parts due to vibrations, such as in fillets and in the bearing 
sections of crankshafts and the lke. 

It has been suggested that an investigation should b 
made of the control equipment for high-pressure wells. 

Production of a satisfactory steam flow meter to record 
more accurately rates of flow over a wider range. 

There is need in the oil industry for proper metering of 
both refined products and the crude oil itself. 

Develop a calculating machine to reproduce the 
volume and othe 


propel 
ties of steam such as available energy, 
factors. 

The foregoing are typical examples taken from a longet 
list of required additional instruments of measurement. The 
list certainly indicates a widespread appreciation of instru 
ments and also that all of our Lord Kelvins have a sizable 
iob before them. 

The subject we have been considering is an extremely im 


expenditure o 


portant one. Its rants the 
the effort and time which can be placed upon it, both from 
the point of view of intelligent development and us¢ 


A nigne}l degree rf 


importance wal 


struments of control and measurement. 
coordination of effort and exchange of information ar 


perience than now obtains is highly desirable and would be 
most beneficial to all concerned. You are to be commends 
for endeavoring to bring about such an improved state of 


affairs. 


INSTRUMENTS 


July 1940—Page 18 











issembled calibrator for electrical instruments 
standards 


laboratory 





An Electrical-instrument Calibrator 


Cover opened Fig. 2. 











The easily-assembled calibrator in use 


served through glass cover 


Standards 





By LESLIE E. KULBERG 


Boston, Mass.* 


N laboratories where various set-ups are constantly be- 

ing made, and where varying numbers of instruments 

are required, it is most convenient to use miniature in- 
struments of the 312” size. This also applies to the Test 
Department. In both cases, the small size and low cost of 
miniature instruments make them convenient. 

How are we to check the calibration of the myriad ranges 
of all the small instruments we are likely to possess? 

Every laboratory has an assortment of the larger preci- 
sion instruments having an accuracy generally within 0.5%. 
If we have a means whereby we can easily check our small 
instruments, the larger ones will rarely be and a 
portion of them can be set aside permanently as standards. 
For greatest convenience, this implies the presence of power 
supplies and flexible switching circuits. 

Fig. 1 suggests one solution to the problem. A glass- 
topped wooden case contains twelve standard instruments 


needed 


on a shelf, with controls and power supplies on the panel 
and beneath the shelf. By placing an instrument whose ac- 
determined on the near its 
standard (which is below the glass), it can be checked over 


curacy is to be plate glass 
any of the following ranges: 
1 milliampere to 6 amperes, d.c. 


1) milliamperes to 5 amperes, a.c. 


15 to 1500 volts, d.e. 

6 to 150 volts, a.c. 

The a-c. ranges, although powered by a 60-cycle supply 
(or 25 eycle, as the case may be) can also be used for radio 
Trequency instruments. 

Fig. 2 shows the arrangement of the instruments on the 


leads extending through holes in it to the base 
compartment. The top is hinged for easy availability of a 


standard instrument, should 


shelT, thei 


needed elsewhere. 
Fig. While it is not 


claimed to be the best or only manner of attacking the prob 


one be 
schematic diagram, see 


lem, it did make use of various instruments available, and 


t serves ts purpose, (Afte) describing the one actually 
constructed, some remarks will be made concerning possi 
é itions. ) 
Both a-c. and d-c. supplies are required. Because it is 


it 
switches will be placed in these two circuits 


externally to the calibrator itself, pilot lights are provided 
t enable the operator te determine whether the power 1s 
on. A d-p.-d-t. Switch (S-1) selects the desired supply and 
connects it to the remainder of the device. Following S-1 


ippears the main On-Off Switch S-2 and Pilot Light L-3. 


When S-2 is on, the Function Switch S-3 determines which 
if the following circuits is to be energized: 

Position 1 permits a.c. or d.c. to be fed into the milliam- 
meter circuits shown above and to the left of S-3 in the 
*The it r designe this calibrator while in charge of a labor 

f company which prefers to remain anonymous EDITOR 
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schematic diagram. The voltage across the divider R-1, 


R-3, R-18 is adjusted by R-18 on the panel to a value s 

to the standard instrument (M-3 to M-8) selected by S 

S-4. The instrument to be checked is placed across the n 
ampere terminals (MA), thereby being in series wit} 
standard. 

Position 2 of S-3 selects the ammeter standardizing 
cuit. Alternating current only is used, being chose 
throwing S-1 into its lower position. Transformer T 
thereby energized, supplying either the a-c. standard M 
directly; or the d-c. instrument M-1, through the copp: 
oxide rectifier RX-1. In either case, the instrument wh 
is to be checked is placed across the appropriate pair of an 
meter binding posts, and the amount of deflection adjust 
by R-5 or R-6. R-6 appears in Fig. 1 on the right end 
the case, while R-5 is at the other end. 

When Switch S-3 Position 3, with S-1l in the d-« 
position and S-8 on 1, a low range d-c. voltmeter M-9 ha 
impressed across it a voltage determined by the div 
R-13, when S-6 is in its lower position. Jf S-6 is not pre 
will path through tl 


and burn were it not for 


is on 


current flow through a 
transformer T-2, out R-21, 
F-15. Therefore, in assembling a calibrator similar to t] 
it is important not only to remember to include F-15 (a1 
a supply of spares) but also to select its rating with cai 
and foresight. It should slightly above, 
rating of the resistance wire in R-21 which has the highs 
rating. R-21 is a “tapered” resistor, wound with different 
sizes of wire for different portions of its rotation, so ch¢ 
a fuse rating to correspond to the largest wire used in t 
particular type and make of resistor you select for \ 
R-21. Be sure to place fuse F-15 on the front 
other accessible may replaced 
quently if the operating instructions are not follows 
The instrument the double-ranze type, 
plaining why M-9 appears twice. 
In the final setting of S-8, namely position 4, other \ 


a high 


“bhlow’’ at, or 


panel 


location: it have to be 


used is of 


meter ranges, both a.c. and d.c., are provided. M-10 
M-11 are a-c. instruments. With S-8 on its second 
R-13 determines the voltage across M-10. For higher 


ranges, M-11 provides two, 0-75 and 0-150 volts. Taj 
1 respectively of S-8 provide them. R-13 requires 
justment in For the 150-volt 
switeh S-5 must be operated, which throws the auto-tr: 
former T-2 into the circuit to step up the 110-volt sup) 
The voltmeter to be calibrated connects across the “15 \ 
d.c., all a-c. volts” binding posts in the above cases. 

For d-c. voltage ranges higher than the 110-volt sup} 
a voltage doubler rectifier is provided. Naturally, an 
supply is used for d-c. voltmeter ranges in position 4 of > 
in order to energize the transformers. T-4 heats the fi 
ments of the Type 81 rectifiers V-1 and V-2, while T-3 p 
the plate This transformer has a 220-\ 


and 


range, ol 


these cases also. 


V ides power. 









































PARTS LIST K Littelfuse 
K-7 Littelfuse 
on mf. 1000 V. Oil-filled Ca R-S  Littelfus 
pacitors, or equivalent F-9  Littelfuss ran 
K-10 Littelfuse strun 
F-11 Littelfuse 
Littelfuse . F-12 Littelfuse 
| ittelfuse Size is determined by F-13 Littelfuse 
Littelfuse range and make of In- F-14 10-amp. Littelf 
Littelfuse struments to be protected , 
ttelfuse F-15 (See Text.) 


Fig. 3 
and variable 
imum current 
rotation) 


or 


























Circuit diagram 


Arrows on switches 
resistors indicate 
voltage { 


or 
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max 
clockwise 






















































































t-1 
t-1 1 ohm 
= s4 t=] 20005 Ohms 
© t-18 2500 ohms 25-watt General Radio | 
wer | tentiometer 
MA A-c, & D-c, ae 92 ed . al } R-14 1 megohn 
(na) R-15 1 megohn 
© (wa) R-16 1 megohm 
= R-17 1 megohn 
F. F49 FS F6 F7 F8 ss t-18 900 ohms watt General Radio FP 
! tentiometer 
ra ee R-19 1200 ohms Westinghouse S#79015 
846354 Lamp Resistor with Socket 
roy R-20 1200 ohms Westinghouse S#7901 rs 
846354 Lamp Resistor with Socket 
© R-21 Special Voltage Control Potentiomete: 
+ Ohmite Model L, Type 15X, 500 ohms 
tapered to carry 6.36 ampere con 
stantly and up to 1.25 ampere mo 
mentarily through last few turns of 
Ac full clockwise rotation, for use while 
SUPPLY in semi-closed box. 

RX-1 Copper Oxide Rectifier (Removed 
from Westinghouse S2#596102 6 amy 
battery charger) 

S-1 A-c. - d-c. Switch 

es jlov 8-2 On-Off Toggle Switch 
s 8-3 Function Switch 
i5-¥. Dec T4 S-4 Milliammeter Selector Switch 
All R a S-5 110-220 Volt Selector Switch 
ANSES S-6 Instrument Circuit Opening Switc! 
jov| |%S Bias 0 cg aR : 
220 > S-7 150-1500 Volt Selector Switch 
Vv Re SRP S-8 Voltmeter Selector Switch 
T-1 Charger Transformer (Ret fron 
Vi v2 sRil the same battery charger RX 
ibove ) 
T-2 Auto Transformer 
T-3 Plate Transformer 
a T-4 Filament Transforme) 
V-1 Type 81 Reetifier Tube 
V-2 Type 81 Rectifier Tube 

primary (and requires use of S-6 to supply the correct There may be some question as to the effect of rippl 
input voltage) mérely because it happened to be available. from the rectifiers on the accuracy of d-c. instruments, 
A 110-volt primary is preferable. Manipulation of switch especially since no filters are provided. Almost without ex 
S-6 provides the low range of M-9, while S-7 must also be ception d’Arsonval movements are used to-day. If bot! 
pushed simultaneously, to provide the higher range. The the standard and doubtful movements are alike, ther 
150-volt and 1500-volt d-c. terminals accommodate the in no question present, but should an iron vane movement be 
strument to be checked. checked against a d’Arsonval movement, the accuracy 

In the foregoing, the potentiometer R-21 has been men would be affected. In the usual case of moving-coil move 
tioned but briefly. In actual operation, it is the most im ments, no filtering of the rectifiers is necessary. 
a control of the — calibrator. hs here mention has All standard instruments are fused, making it impo 
een made of adjusting R-18 in the milliammeter section 4). t4 damage them by overloads 
or R-13 in that of the voltmeters, they have been set at 
certain definite positions (determined by trial) which are PHYSICAL DETAILS 
marked on the indicator strips around the knobs, and the The equipment is housed in a box 46 18 14 
ns ‘ we . ‘ : = a > 9 > a . . 
final ad justme nt made with the aid of R 21. It must be overall. From the shelf to the glass, a height of 5 pre 
use , . , ava YY ree 1 » : » _ i ’ a , . 1 : ry 1 
used with the voltage double: rectifier, being the rs ~ vided inside for the standards; and 7” is the equivalent 
ustme : » rT } > case » a-c. € =C. . 

stment provided. Only in the see of " : ~ d-« dimension below decks for the power equipment. 
ammeters is se > Cf ‘ator describe was aS - 

neers may Be used. In the cali eee wreerenre os we The panel, Fig. 2, has affixed to it inexpensive indicating 
provided with a helical spring which always tends to place ees 41 : 
*, = : . » je - strips of Bristol board. Afte labeling them it! Indi 
it in the zero voltage position when not in use. The idea was ae ' 
, oy . eee ink, thev were given two coats of clear lacquer to prever 
to prevent some person unfamiliar with the device from ’ * iw : 4 
ere . ° . renee their being soiled. The five pairs of binding posts are 
burning out instruments by snapping on the main switch -d ; f a ie oP ' 

‘ ‘ : , ‘ovide easy attachment r clip leads from the 
when R-21 was turned on too far for the particular range slotted to provide easy attachment fo  ¢ 
to be calibrated. If this danger is absent, it is preferable to instrument to be tested. In addition, they are recessed, o 
lispense with the spring. the sake of safety. (Concluded on page 197) 
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Correlation between Hardness and the 
Magnetic Properties of Solid Matter 


By S. R. WILLIAMS 









Professor of Physics, Amherst College 


HARDNESS AS MEASURED BY MAGNETIC METHODS 

It has been a common idea for a century or more that 
he magnetic properties of magnets are gre atly influenced 
by the mechanical hardness of the steel from which the 
nagnets are made. This is illustrated \ the following 
references: In 184+ William Scoresby! published the re 

Its of some of his magnetic researches in a book of two 

volumes entitled ““Magnetical Investigations.” The au 
thor devoted a large part of his first volume to the effects 
if hardness on the magnetic powers of the magnets 
which he had constructed. A final summary of this first 
olume is. “That the degree of retentiveness of magnets 
is directly as the hardness, and inversely as the energy.” 
Again he s iVs, ‘Hardness, therefore, becomes most essen 
tially important for resisting the effects of unfavorable 
nagnetic action, whether arising from the earth’s mag 
netism operating against that of the magnet, or from 
infavorable contacts with, or proximity to another mag 
net.” In other words it may be inferred from Scoresby’s 
work that the retentiveness of his magnets was a meas 
ire of their hardness. 

Elsewhere Thompson- emphasizes a similar point of 
view by saying that “In the preparation of permanent 
magnets temper is almost as important a consideration as 
the chemical composition of the material.” 

Cheesman” has made some interesting observations on 
the influence of mechanical hardness on the magnetic 
properties of steel and iron. He came to the conclusion 
from his research that hardness induced by cold working 
is quite distinct from that produced by heat treatments. 

Joule? in his original discovery of the magnetostrictive 
effect which bears his name says, “On inspecting the 
tables, it will be remarked that the elongation is, for the 
same magnetic intensity, greater in proportion to the 
softness of the metal. It is greatest of all in the well 
innealed iron bars, and least in the hardened.” 

In a study of the changes in length which iron rods 
indergo when magnetized longitudinally, Bidwell” comes 
o the conclusion: “It appears, therefore, that as regards 
nagnetic changes of dimensions an iron rod or ring is 
ifected by annealing in very nearly the same manner 
is by tensile strength, a result which would hardly hav: 
been antic ipated.” 

The author has been interested for more than thirty 
vears in magnetic phenomena, particularly in that field 
known as magnetostrictive effects, those effects in which 
certain solid bodies, such as iron, nickel, cobalt, man 
ganese and their allovs show comparatively large changes 
in dimensions when subjected to magnetizing forces 
Over and over again one is confronted in this type of 


research by the fact foreshadowed in the pioneer work 


W.s I M ! Ir st tions. \ l, page 61-364 
‘ Longman, | wh, G n and Longmans, Londor rw l 

= |’ r mp n Phe Klectromagnet Pages 886-394 Kk. and 
} N. Spon, Londor 1892, 4 pages 

l M. Cheesmat Ieber den Einfluss der mechanischen Harte 
if dis gnetishchen Kigenschaftern des Stahles und des Eisens 
“i s Amnalen, Vol. 15, 1882, pages 204-224. A Correc- 
r \ { 1X8 pag 712 

P le. On tl liffects of Magnetism upon the Dimensions 

Iror nd Stee Bars. Philosophical Magazine and Journal of 
Scie e, Vol. 30, 184 pages 76-87 and 225-241 

S. Bidwell. On t Liffect of Magnetisation upon the Dimen 

ns f Wires and Rings of nnealed Iron. Proceedings Royal 
Soc Vol S94, pages 28-234 ind Vol 6, 1894, pages 
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of Joule that hardness and changes in length duc 
magnetic field have a vital correlation. In the past 
have spoken of hardness as the agent controlling 
netic phenomena. Perhaps a better approach to thi 
terrelation between magnetic phenomena and hardn 
to say that some more basic or fundamental effect 
trols simultaneously the magnetic and mechanical c| 
acteristics of matter in the universe, causing them to \ 
at one and the same time, rather than to say that on 
the cause of the other. 

Be that as it may, one is able to draw the general « 
clusion: There is one and only one set of physical at 
chemical properties corresponding to a given set of mag 
netic characteristics, and, conversely, there is one and 
only one set of magnetic properties corresponding to 
given set of physical and chemical characteristics." 

In the field of Metrology, or the Science of Measur 
ments, it is a well understood principle that we measur 
one physical magnitude in terms of some other physica 
magnitude, and this goes on until we find ourselves mea 
uring all physical magnitudes in terms of the units 
Length, Mass, and ‘Time, which are our Fundamenta! 
Units for all physical magnitudes. For example, we me 
ure an electric current in terms of the force which 
magnetic field exerts on a unit magnetic pole; we meas 
ure the index of refraction by the amount of deviation 
which a ray of light undergoes when passing obliquely 
through the bounding surface between two media. ‘Thi 
moment we establish a relation between two physica 
magnitudes, that moment are we in a position to meas 
ure one physical magnitude in terms of another. Sufhcien 
evidence has already been adduced to show that sin 
hardness is so vitally associated with the magnetic prop 
erties of a solid, whether as a cause or as a concomitant 
phenomenon, we are afforded an opportunity to a 
tempt the measurement of hardness of solids by th 
magnetic characteristics. 

This point of view will form the main theme of su 
ceeding pages and accounts for what has gone befor 
a humble attempt of an enquirer to find, if possible, som 
better understanding of the physical property we ca 
“hardness of solids.” and at the same time arrive at 
clearer concept of magnetic phenomena. Thirty-five year | 
igo magnetism seemed a hopeless subject of study, b 
cause so many factors were involved. Not a few at tha 
time were saving, “why investigate magnetic phenomen 
when thes are so complicated 7” There were othe rs wil 
a different point of view. 

Building on the labors of Oersted, Faraday and Row 
land, the Barnetts ‘ Richardson 


the two Comptons > 


6S. R. Williams. Magnetic Phenomena. Page XVII. Meat 
Hill Book Co., New York and London, 1931, 230 pages 
‘Ss. J. Barnett & L. J. H. Barnett. New Researches on the M 


netization of ferromagnetic Substances by Rotation anda t 
Nature of the Elementary Magnet. Proceedings of he 1me 
feademu of Arts and Sciences, Vol. 60, 1923, pages 127-21¢ 

SK. T. Compton & E. A. Trousdale. The Nature of the Ult 
mate Magnetic Particle. Physical Review, Vol. 5, 1915, pas 
315-318 

\. H. Compton and O. Rognley. The Nature of the Ulti 
Magnetic Particle. Science, Vol. 46, 1917, pages 415-416 

See Also Physical Review, Vol. 16, 1920, pages 464-476 

1. W., Richardson \ Mechanical Effect accompanying M 
netization. Physical Review. Vol. 26, 1908, pages 248-253 


A. P. Chattock & L. F. Bates. On the Richardson Gyro-n 
netic Effect. Philosophical Transactions of the Royal Soc 
Vol. 223, 1922-23, pages 257-288. 









































(a) (b) 
Fig. 263. (a) A piece of magnetite attracts small pieces of iron 
wire to itself and holds them in suspension. It is called a natural 
magnet. The small pieces of iron consist of short sections of iron 
wire. (b) A piece of steel rubbed with a piece of magnetite will 
behave as did the magnetite. Such a piece of steel is called an 
irtificial magnet. 


Kapitza’”, Becker'', Stoner'-. and Bitter 
up this field of research so that there begin to emerge 


have Ope The d 


emerge vistas of a unified view of magnetic phenomena. 
Likewise the difficulties involved in studying hardness 
should not be a deterrent to honest study and further 
endeavors to formulate a unified picture of what hard 
ness is. 

In preceding chapters an attempt was made to explain 
and define, as far as possible, the terminology used in 


describing hardness and the methods for its measure 
ment. If hardness is to be measured by magnetic meth 
ods it is essential, for a better understanding of the 
process, to digress a bit and explain certain fundamen 
tal aspects of the phenomena of magnetism. 


MAGNETIC PHENOMENA 

Our earliest knowledge concerning magnetism (about 
600 B.C.) consisted in the fact that certain rocks or 
minerals possessed the power of attracting small bits of 
iron and holding them in contact with the mineral. ‘The 
commonest substance to show this property is an oxide of 
iron, FeO, Fe.O,, known as magnetite. See Fig. 263(a) 
Following this it was observed that if an elongated piece 
of this oxide of iron was suspended by a fine fiber, with 
the major axis in a horizontal position, it would turn 
into a north-south position. Such a body was called a 
lodestone (or leading stone). The end toward the north 
s called the north seeking or positive pole of the direc 
tion-giving stone and the end toward the south is called 
he south-seeking or negative pole. 

Two positive (like) poles repel each other and unlike 


poles attract each other with forces which Coulomb 


Magnetic Fields. Proceedings of the Royal Society, Vol 12 

129, pages 2 iz. 

R. Becker and W. Doring. Ferromagnetism. Julius Springe) 
erlin, 1939. 440 pages. 


“Ik. C. Stoner. Magnetism and Matter. Methuen and Cec, Ltd 
andon, 1934. 575 pages. 
‘F. Bitter. Introduction to Ferromagnetism. McGraw-Hill 


00K Co., New York and London, 1937. 314 pages 





found to be directly proportional to the product ot th 


two pole strengths and inversely as the square of th 
distance between the centers ot the poles This mav b 


expre ssed by the de fining equation 


Fores aL d Coulomb's | qu ition 


in Which m, and m. are the respective pole strengths, d 
the distance between centers and a factor of propor 
tionality whose value is a function of the medium sur 
rounding the poles. When the poles are immersed in a 
vacuum, jo is assumed to be unity. Coulomb's equation is 
a defining equation because it says that we have a unit 
pole when such a pole at unit distance from a similar 
pole exerts a unit force, provided the two poles are sur 
rounded by a vacuum, or y 1. Thus a force of one 
dvne exists between two unit poles where they are sep 


arated by a distance of one centimeter and immersed. in 


(a) (b) 


Fig. 254. (a) Magnetic field of a lodestone. (b) Magnetic field 
of an artificial magnet. 


a vacuum. For those who insist on English units it migh 
be well to point out that all magnetic and electrical units 
are measured in terms of the metric system and only i 
terms of the metric system. 

Another step in the development of our knowledge cor 
cerning magnetic phenomena was the observation that a 
rod of iron rubbed with a piece of lodestone acquires the 
property of attracting small bits of iron to itself is did 
the lodestone. See Fig. 263(b). A bar of iron magnetized 
in this or any other way has all of the functions of the 
lodestone: it has poles, it sets itself in a north-south 
direction and thus ushers in our modern compass needles 
A body is said to be magnetized when it possesses the 
power to attract small bits of iron to itself as does thi 
lodestone (magnetite 

Around every natural and artificial magnet there ex 
ists a magnetic field. Fig. 264(a) and (b). Ut exists with 
in that space about the magnet in which magnetic forces 
may be detected, whose strength of field (magnetizing 
force or tield intensity possesses magnitude and dire: 
tion—the earmarks of a vector quantity. The magnitud 
of the field strength is defined in terms of the fore 
which that field exerts on a unit magnetic pole. In a non 


uniform field this value will vary from point to point as 


is the case in the field surrounding a bar magnet. The 
direction of a magnetic field is the direction in which 
positive magnetic pole would move were it possible to 


have a positive pole isolated and free to move. The de 
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fining equation for the magnetizing force of a magnetic 
field is 
H m., ud 

where m., d and have the same meaning as in Cou 
omb s equation 

Phat magnetic poles cannot be isolated may be dem 

trated by the simple experiment of breaking a magnet 
n two: instead of holding a positive pole in one hand and 
i negative pole in the other, each hand holds a complete 


Fig. 265. The dark center is the cross- 
section of a wire normal to the plane 
of the page. By convention the electric 
current flows away from the reader and 
the direction of the surrounding mag- 
netic field is indicated by the arrows. 


there will come eventually an elementary magnet whose 
subdivision creates neither two magnets nor two poles. 
Just what is that elementary magnet which cannot thus 
« subdivided? For the present let us call it the magneton. 

Coulomb thought of magnetic poles as isolated units 
reacting upon one another. Inasmuch as it is impossible 
to isolate a magnetic pole it seems more sensible to deal 
with di-pole conceptions and say that what one observes 
in magnetic phenomena are the forces between magnetic 
tields in which they seek to set themselves parallel to one 
nother. Each point of view leads to the same formula 
tion, but the dipole concept is clearer. 

The fact that magnetic fields tend to set themselves 
parallel to each other leads to the conclusion that when 
i lodestone or a magnet sets itself in a north-south direc 
tion, it is doing so in some other magnetic field. This field, 
is Gilbert’* pointed out, is the field of the earth. That is 


o sav. the earth is a great magnet. 


W. Gilbert. On the Magnet. Translated by Committee of 
(lilbert Club, C. Whittinghar ind Co., The Answick Pres 





Fig. 266. The large hoop consists of 20 turns of magnet wire. 
When the current from the dry cell passes through the coil it 
sets up a magnetic field at right angles to the plane of the coil 
and the compass needle will turn in that direction. The intensity 
of the field at the center of the coil is 


H 27n1/10R 


oersteds, where » is the number of turns, R the radius of the coil 
in centimeters, and | the current in amperes. 
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net. Suppose one goes on breaking either half in two, 








What appears as an epochal Ciscovery in our 
theories of magnetism was the one by Oersted'® y 
served that when an electric current flows through 
a magnetic field is set up about the current so t] 
field strength at any distance d from the center 
wire 1s equal to: 


H 2T 10d (Oested’s | 


where J is the electric current measured in amperes 
265 shows a cross-sectional view of a wire in whic} 


direction of flow of the electric current is pictured 


Fig. 267. This coil is 
one meter long and 
has about 25000 
turns in it of No. 13 
double - cotton - cov- 
ered wire. 


| 








ing away trom the reader and the direction of the mag 
netic field is clockwise. ‘The same relation holds betwee 
direction of electric current and direction of magneti: 
field as exists between the forward motion of a rig! 
handed screw and its direction of turning. 

If a long, straight wire, for which the last equat 
holds, is bent into a circle of one or more turns, as 
lig. 266, the magnetic field around each turn of w 
unites with those of other turns to give a resultant field 
through the coil from front to rear when the ele 
current is flowing in the coil in a clockwise fashion 
viewed in Fig. 266. The magnetic field at the center 
the coil integrates to 

I] 27NI 10R (iq. of col 
where J is the current in amperes, N the number of tur 
in the coil and R&R the average radius of all the turns. Su 
i coil becomes useful in building instruments for m« 
uring electric currents (galvanometers, dynamomete: 
etc. ). Whe n such a coil is multiplied side by side 11) 
i spiral it becomes a solenoid in which the magnetizir 
force at the center of a long, slim solenoid is equal 

H torn] 10R. (Eq. of solenoid 
In this equation n is the number of turns per unit lengt 
I, the current in amperes and R the average radius 
the turns. Such a coil will be used in much of the work 
hye de scribed later. See Fig. 267. 

John Christian Oersted. Experiments on the Effect of a C 


rent of Electricity on the Magnetic Needle innals of Philoso} 


Vol. 16, 1820, pages 2 27¢ 











of the work of Oersted’’, Faraday'® and Max 
there finally arose the idea that electric currents 
nothing more than a stream of electric charges and 
lectricity in motion gave rise to magnetic fields. The 
‘n conception simply specifies that the stream of 
e charges which flows in a metallic conductor is a 
1 of negatrons (negatively charged particles) per 
ing through a lattice work of atoms in the crystal 
structure of the conductor. 
here follows from this conception the inevitable con 
m that no magnetic field can exist without electricity 
iotion. Rowland'~ gave force to this conclusion by 
ning a disk charged with static electricity and show 








Fig. 268. The area ABCD 
represents one square centi- 
meter and each line a max- 
well of flux. Therefore, this 
is a quantitative representa- 
tion of a field intensity of five 
oersteds. 











OO i cae” ca 


ing that when static electricity was set in motion mechan 
ically a magnetic field was produced. In a qualitative 
but spectacular fashion, Wood'” fired charged gun-shot 
past a sensitive magnetometer (magnetic needle sus 
pended on a fine fiber) and showed that as the moving 
charged shot passed the magnetometer needle the latter 
was slightly deflected by the magnetic field of the moving 
charged shot. 

If then magnetic fields are due to moving electric 
charges, how is it that we find magnetic fields around 
magnets, both natural and artificial ? 

The two Compton brothers, by means of X-ray analy 
sis of substances when magnetized and again when un 
magnetized, were led to the point of view that when a 
substance was magnetized it could not be a case of whole 
itoms or aggregates turning over, but that if anything 
turned it must be some constituent part of the atom it 
self. The final conclusion was that the elementary mag 
net must, therefore, be a negatron, a charged particle. 
spinning on its ewn axis like a top or a gyroscope and 
that, like Rowland’s spinning disk with the static charge 
of electricity, it would show a magnetic field. 

The gyroscopic nature of the elementary magnets or 
magnetons had a confirmation in the now classical ex 
periments of the Barnetts. They rotated cylinders ot 
iron, nickel and cobalt and, though free of all extrane 
ous magnetic fields, these cvlinders became magnets due 
to the fact that the axes of spin of all of the elementary 
nagnets, as all good gyroscopes do, turned in the same 
direction as the axis of rotation of the cylinder. This 
gave a distinct polarity to the cylinder as a whole, or, in 
‘ther words, the cylinders were magnetized by rotation. 

8M. Faraday. Experimental Researches in Electricity. Bernard 
maritch, London, 1839. 3 Vols. 

‘C, Maxwell. A Treatise on Electricity and Magnetism. Clar- 
ndon Press, 1881. 2 Vols. 2nd Ed. 

_ SH. Rowland. On the Magnetic Effect of Electric Conviction 
Lmerican Journal of Science, Vol. 15, 1878, pages 30-38. 
L8R, W. Wood. The Production of a Magnetic Field by a Flight 


f Charged Particles. Philosophical Magazine, Vol. 8, 1902, page 
Q 


It follows from this argument that a body is unmagnet 
ized when the axes of spin of the magnetons or gyro 
scopes sit in random orientation and that it is magnetized 
when they have a common direction for their axes of spin 

To this picture of the eleme ntary magnets in the atoms 
investigators like Bitter’ and Slater’’ have applied 
quantum mechanics and made it possible to formulate 
many of our known magnetic phenomena, and advance 
greatly our knowledge of the physics of metals. 

It now begins to appear whi the processes ot mag 
netization and of hardening have common factors. A part. 
at least, of the forces”! which hold the atoms together in 
solids are the magnetic forces between the magnetons or 
spinning negatrons. If by any means whatsoever—cold 
working, magnetic treatment or tempering—one can re 
adjust the directions of spin of the magnetic gyrostats, 
at once both magnetic properties and hardness properties 
are changed. A change in one is not necessarily the caus¢ 
of change in the other, but due to a common trigger as. 


for example, mechanical vibrations in the solid, both may 
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Fig. 269. Resultant of induced and imposed fields 


be affected at one and the same time. Through temper 
ing, one can ct rtainly change the magnetic properties of 
bodies. Can one change the hardness of a body by mag 
netic processes? Such a point of view is supported by the 
relations between mechanical and magnetic character 
istics which were expressed in the forepart of this chap 
ter. Hardness is a mechanical characteristic ot iny sold 
body and must, therefore, bear a definite relation to the 
magnetic characteristics of that same body. 

In speaking of magnetizing forces it becomes necessary 
to have a definite’ unit. The one adopted is called 
oersted. A unit field intensity me oersted) exists wher 
that field exerts a force of one dvne on a uni cgs) mag 


netic pole. 


The field intensity may be represented graphically by 
drawing normal to a unit plane area a number of lines 


numerically equal to the value of the field intensity. Thus 
in Fig. 268 is showp a field intensity of 5. wherein 
lines are drawn through unit area to represent 


netizing force of 5 oersteds. 


MAGNETIC QUALITIES 


When a substance, like iron, for instan S g 
into a magnetic field the magnetic lines of force rr paths 
203. C. Slater. Introduction t Chemical Physics. M 
Book Co., New York and London, 1939. 521 pag 
G. Lewis. The Magnetoche ik Theory. ¢ 
Vol. 1, 1924, page 251-248 
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mg which the magnetic torces act) are increased. It 

presents the field intensity in the manner described. 

nd visualized in Fig. 268, then the number of lines of 
re n the iron will be represented by more lines per 

nit area than in the space were the iron removed. Se 


269. The ratio between the number of lines per unit 


rea in the iron and the number of lines per unit area in 
the same space, were the iron re moved, gives a value of 
the permeability factor used in Coulomb's equation 
given above. This value of will vary with the magnetiz 
ng torce applied to such substances as iron, nickel, 

malt, manganese and their alloys, but in all of these 
ibstances mentioned « will be greater than 1. Such sub 


; 


inces are called ferromagnetics. In most substances 

ss than | ands remains quite constant tor varying 
ilues of ordinary tield stre neoths. These bodies are clas 
fied as diamagnetic substances. On the other hand there 
sa group of solids in which « is greater than 1 but un 
Ke the ferromagnetic hodic Ss. does not vary much in 


the ranges of ordinary magnetizing forces. 


Sodies in which 


constant | 1 are called diamagnetic substances; 
constant | are called paramagnetic substances ; 
variable > | are called ferromagnetic substances. 


Instead of calling the magnetic lines through a sub 
stance, like iron, lines of force it is customary to speak 
of these lines as the magnetic flux or the magnetic in 
duction of the sample. The terms magnetizing force, field 
intensity and field strength are reserved as names for thi 
nagnetic field which is applied to the material being 
studied. The number of lines of magnetic flux or of mag 
netic induction per unit. area through a ferromagnetic 
body like iron is usually represented by the letter B, 
hence B H t. the factor mentioned above. B is ex 
pressed in terms of gausses as the magnetizing force [1 
was expressed in oersteds. The magnetic flux B is mad 
ip of two parts: first those lines due to H7 itself and see 
md an increment due to the lines of force of the mag 
netons as they have been turned to coincide with thos: 
ft the applied field. This may be expressed by the 
quation 

bh H ine! Eq. for B 
in which 477’ represents the number of magnetic lines 
idded by reason of the turning of the magnetons. ;’ is 
called the inte nsity of magnetization and is equivalent to 


the pole strength per unit area induced on the end of the 


‘ uma pre 
H Magnetizing force or field intensity 
B Magnetic flux or induction 
Intensity of magnetization 
The value of 2’ will depend upon how thoroughly the 


magnetons align themselves parallel to the applied. tield 
ind upon the number of the magnetons. 

If the equation for B is divided throughout by HH, it 
takes on the form . 

t 1 + 47K 
where A is called the factor of susceptibility as jo was 
called the factor of permeability. 

Inasmuch as « does not progress as a straight line 
function with the magnetizing force H. in the case of 
ferromagnetic bodies, the values of B will also not pro 
gress in the same way. This is shown in the curve OKM, 
Fig. 270, where the values of B are plotted against the 
corresponding values of 7H. This is called a normal in 
duction curve and is composed of three parts as is exag 
geratedly shown in Fig. 271. The part OP, Fig. 271, 
shows the increase in B as the magnetons begin to align 
themselves with the magnetizing force. In the section 
PQ the magnetons swing most rapidly and so B builds 
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up rapidly at the e« values of H. From Q onwar 
point of saturation is approached and_ there is 
idded to the values of H by the alignment of th 
netons, because they are nearly parallel to the fie! 
those field strengths beyond the point of saturation 
point Q is called the “knee” of the induction curv: 
On reaching any point on the normal induction « 
which lies beyond the point of saturation, it  w 
found that on gradually reducing the magnetizing 
H to zero the corresponding values of B will no 
tlong the original induction curve OAM in Fig. 271 
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Fig. 270. Induction and hysteresis curve for a ferromagnetic bod 
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along MR. Furthermore, if the magnetizing force at 
point H7 Q is reversed and the values ot HZ again 
creased, the values of B for these magnetizing forces 

lie along the curve RCM’. The material will now 
magnetized beyond the point of saturation, but in the oj 
posite direction to that which existed at M. Once mor 
decrease is made in the values of the magnetizing for 
H until it becomes zero. Again the field is reversed ar 
increased until B attains a value represented by 
again. During these values of HM, B has changed 
values along the curve M’R’C’M and finally forms at WV 
a closed curve called a hysteresis curve. The pice 
iron has been taken through a complete magnetic cy 
Warburg-~ showed that in turning over the elementa) 
magnets first in one direction and then in the other, a c 
tain amount of energy was dissipated, a quantity whit 
was directly proportional to the area of the hysteresis 
curve. For example hard steel will, in general, give hys 
teresis curves of large areas and soft steel small area 
In the hysteresis curve shown in Fig. 270 the values 
B tor FH O are OR and OR’. These values indicat 
residual magnetism in the material. They are called t 
retentivity or remanence of the substance, a high vali 
of which is essential for strong permanent magnets. T! 
greater the values of the reversed fields, OC and O¢ 
necessary to reduce B to zero, the greater is the coer 
itv of the metal. The greater these values OC and O¢ 
become for any substance the less liable is that materi 





to lose its residual magnetism when subjected to extrat 
ous magnetic fields and mechanical disturbances. 

The coercive forces OC and OC’ which are measu 
by the strengths of the fields necessary to reduce t 
remanent magnetism to zero plays an important role 
the relations between mechanical hardness and some 
the magnetic properties. The coercive force has quite tt 
quently been called the magnetic hardness of a body, 
appelation which may lead to some misunderstandit 


I. Warburg. Magnetische Unbersuchungen, Wiedemann’s A 
alen der Physik und Chemie, Vol. 13, 1881, pages 141-164 














mechanical hardness and coercive force values 
always go hand in hand. For instance, Kussman 
harnow” have shown that “in the case of alloys in 
. lution (mixed crystals) in which the variation of 
t ice lattice causes the mechanical hardness, the elec 
sistance, etc., strongly to increase in value in com 
| to the pure metal, the coercive force is only in 
erably altered, and that no direct relationship ex 








R tween the coercive force and the mechanical hard 
n if the alloy. The coercive force is shown to exhibit 
' mg increase in the case of heterogeneous mixtures 
“ it is independent of the hardness. An explanation 
5 n of the above through the assumption of an effect 
' 
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Fig. 271. The three parts to a normal induction curve. 


on the ferromagnetism due to the tension created by con 
traction, which is primarily created by the different 
thermal expansion coefticients of the constituents of the 
mixture. 

MECHANICAL STRAINS AND MAGNETIZATION 


In discussing the relationships between magnetism and 
mechanical properties of substances we are, for the pres 
ent. limiting ourselves to the ferromagnetic metals and 
their alloys. Some day our methods may be improved and 
refined so that we may push out into the fields of para 
magnetic and diamagnetic solids. In any case we are 
dealing for the most part with polycrystalline substances. 
though single crystals may be had of the various ferro 
magnetic bodies. In dealing with crystalline materials we 
know that size of grain, angles of orientation of axes, 
temperature and many other factors cause the various 
physical phenomena of these polycrystalline bodies to 
vary as one condition after the other is imposed. 

Andrade~* suggests that “‘Smekal made a valuable 
generalization when he pointed out that the property of 
rvstals could be divided into two classes: those. such as 
ow-temperature ionic conductivity, which were largely 
nfluenced by small irregularities or impurities. and 
thers which were largely independent of crystal in 
lividualities, that is, with which very consistent meas 
lrements could be obtained on unselected spe cimens. ‘The 
ormer he called structure-sensitive. the latter structure 
nsensitive.” For instance, a single crystal of pure cop 

r about the size of an ordinary pencil will. unless held 
fat in the palm of one’s hand. sag at once into a 
U-shaped specimen. Its own weight when supported just 


it the ends would cause its slip planes to glide over one 


\. Kussman and BEB. Scharnow. Uber die Koerzitivkraft. I 
il Koerzitivkraft und mechanischen Harte Leitschrift fr 
ystk, Vol. 54, pages 1-15, 1929. Quotation from S. G. B 
nce Abstracts, Sec. A, No. 2282, Vol. 32, page 641, 1929. 
‘kk. N. da C. Andrade. Glide and Hardening in Metal single 
rystals. Proceedinaus of the Roval Society, Vol. 51, Pt. 5, 7 page 


eprint, 1939, 


another and the reby increase its mechanical strength by 
about 50. A single crystal of copper is structure-sensi 
tive. A characteristic of single cry stals is the great hard 
ening produced by strain. One is reminded of Jeffries 
and Archer's” theory of slip hardening when the slip 
planes move over one another. In spite of all the work 
which has been done upon hardness, the theory of hard 
ening is still far from being in a satisfactory state. ‘Th 
recent work of Andrade, Becker, Brindley, Chalmers. 
Wood and others" seem to point toward a partial solu 
tion in the strains produced by movements of slip planes 
over each other and particularly by the deviations from 
the ideal lattice. Becker”' has paid particular attention 
to the internal strains which help to correlate magnetic 
and mechanical phenomena in the same material. He has 
pointed out repeatedly that the sciences of the mechani 
cal and magnetic properties of metals have a remarkabl 
similarity in their development. “In each of them, there 
is one group of properties (a) which is susceptible of 
theoretically exact treatment by rigorous methods, whil 
the theory of the other groups (b) is vague and even in 
the most favorable cases only qualitative. Unfortunately 
it is the properties in the second group which are of 
particular interest in most practical cases and which lead 
to the typical differences between materials. In mechanics 
the density and elastic constants belong to the first 
group, in ferromagnetism the saturation intensity and 
the Curie temperature. In the second group (b) are the 
critical shear stress’’ [the stress sufficient to produce a 
fixed (extremely small) rate of flow] “and the elastic 
vield point in mechanics and the permeability and coer 
civity in magnetism.” 

Becker goes on to show that most of the substances 


with which we are concerned are somewhat similar as 


regards their properties in group (a) but those 
(b) can be altered several hundred-fold by apparently 


n group 
small additions to the substance. This he attributes to 
the fact that in the first case we are concerned with 
a group of properties which concern the ideal lattice 
while in the second the properties depend upon devia 
tions from it. He would sul up these ditt renees as be ny 
due to “internal strains” which mean in the widest sens« 
deviations from the ideal lattice. 

In the beginning of this serial quite a number of 
theories of hardening were discussed. None of them gave 
a complete picture, but they need to be kept in mind as 
one seeks for a comprehensive theory. The more recent 
discoveries concerning lattice structures and deviations 
from ideal structures add greatly to this more complet 
story in the theory of hardening. Once we understand 
how hardening is produced by the seve ral methods now 
available. the better we shall be able to define hardness 
with some degree of clarity. The work of Becker, both 
from the theoretical and from the experimental point of 
view. emphasizes the interrelations between the mag 
netic and the mechanical properties of ferromagn 
bodies. It is with this phase of hardness testing that the 


following pages are conce rned. The theories discussed in 
the April 1937 article, the additions to our knowledg 


+ 


of lattice structures in single and polverystalline ma 
rials still leave one point for further emphasis ind that 
is What some authors call atomic concentration. 

After all. matter in the solid state is like a fisherman 
net: an awful lot of holes held together by some string 
“Matter is also a lot of holes retained within a gossam 
lattice structure of atoms Now if all of the hol 


Z. Jeffries and R. S. Archer. The Science f Met M 
Hill Book Co., New York and London, 1924, page { { 
These investigator ind others contributed t pen 
posium on Internal Strains in Solid held in the H. H 
Physical Laboratory, University of Bristol, Bristol, beng 

11-13, 1939 
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Fig. 272. Relation between grain size and hardness numbers. 


squeezed out and nothing left but the atoms, the 
number pe r cubic centimeter would bye increased tre 
mendously and the resistance to penetration augmented 
greatly sugmented to such an extent that penetration 
by ordinary matter would perhaps be “impossible.” For 
f the atoms themselves are only slightly compressible 
ind no interatomic space exists into which the atoms may 
be pushed it follows that resistance to penetration (hard 
ness) is thereby enhanced. As indicated earlier in this 
study, density is measured by the number of negatrons, 
protons and neutrons which one can crowd into a cubic 
centimeter of space and these are the fundamental cle 
nents from which all atoms are created. It would appear 
from observations made on wood, marble, steels, copper. 
te., that the interstitial spaces, whether between atoms, 
nolecules, domains or crystal grains, have a great deal 
to do with the hardness of the material. 

Lasarey states that “the proportionality between 
iardness and atomic concentration (i.e. the reciprocal of 
itomic volume follows from the assumption that the 
mutual attractive force of the atoms of different elements 
s the same function of the distance between them.” The 
recent X-ray study of glass has shown it to consist of an 
irregular semi-crystalline structure in which the inter 
crystalline space has been made a minimum and no easy 
planes of slip. May not these factors indicate why glass 
is so hard? One wonders why diamond is so_ hard. 
Bragg says, that “in the perfect symmetry and con 
sequent effectiveness of the forces which binds each atom 
to its place” may be seen “an explanation of the hard 
ness of the crystals.” 

In a series of three popular articles Professor French 
has tried to explain the hardness of carbon in the dia 
mond crystal and also of silicon which is to be found in 
the same column of the table of Chemical Elements. He 
considers that the three important factors in the forma 
(2) the 


number of electrons in the outer layer or shell and, (3) 


tion of alloys art 1) the type of ery stal lattice 9 
the size of the atom. These factors are then used in an 
ittempt to explain the hardness of carbon in the diamond 
form, of silicon and of the combination of carbon and 


I’. Lasarev. Relationships between Hardness and the optical 
ind thermal Properties of Elements. Bull. Acad. Sci. Russie, Vol 

DI 1259-1260 1191S. (Quotation fron Brit. Chem Abstracts 

lL A, p. 116, 1926 

W. H. Brage. X-rays and Crystalline Structure. Science, Vol 

1914, pages 795-80 

Ss. J. French. The Science of Alloy Building. Scientific Ameri- 

Vol. 158, 1938, pages 78-80, 152-155, 340-342 
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silicon in carborundum. Wood"" studied the hardn, 
the same steel when given different grain sizes, T} 
sults showed that the smaller the grain size the | 
the steel. Fig. 272 shows this relation in which if 8 
resents the average grain size (proportional to diay 


of grain) then the hardness may be expressed by 
equation H K S K 


There is implied in the study that the smaller th 


constant. 


the more closely the grains snuggled together and 
creased the hardness. This seems to be the sort ot 
terial to which Becker's theory would best apply in 
relating magnetic and mechanical properties. 

The importance of interstitial space is emphasize 
Lord Rayleigh 
He found that heating marble increased the distance: 


in some observations he made on ma) 


tween the grains and there by decreased the rigidity 
the ultimate strength. Unfortunately he did not take it 
account the moisture with which marble always seen 
be associated under normal atmospheric conditions. 

Poschl~ contributed along this line by saying that 
density of a crystalline solid is a better gage of the han 
ness of a body than is its crystalline symmetry. In t 
connection one wonders about the relative hardness 
quartz in its natural (crystal) state and in its fused « 
dition. 

Before leaving these various contributions to 
theories of hardening there is one paper’” to which atter 
tion should be drawn. Throughout the more recent cor 
tributions to the subject of hardness one hears nore and 
more about “solid solutions,” “mechanical mixtures” and 
“chemical combinations.” Bohler’”’ has differentiated b: 
tween these various aggregates in such a_ satisfactory 
way that it may be a help for many. He points out how 
a lump of sugar drops to the bottom of a glass of wate: 
under the force of gravity. Gradually it dissolves and 
diffuses uniformly throughout the water. In the proc 
of diffusion the constituent particles have had energy 


imparted to them so as to rise against the force of gray 
ity. The particles of sugar are now pounding the walls 
of the glass as well as those of the water in their eterna 
dance of the molecules. This means an added pressut 
on the walls of the glass which is a measure of. th 
osmotic pressure. In the case of steel (0.8% carbon 
above approx. 1500 C., there is formed martensite, 
definite solution of carbon in iron, which if cooled sud 
denly by quenching solidifies as a solid solution. It 

quite different from what ensues when the metal is cooled 
slowly. In the latter case we have a group of mixed crys 
tals. Bohler says that the well-known increase in hard 
ness due to quenching can't be attributed to increas 

atomic concentration but rather to the strains set up i 
the process of quenching. While he does not make cl 


how osmotic pressure works in a solid solution to increa 
the hardness, one could argue from this paper, howeve1 
that the increased pressure due to osmosis still held th 
lattice system in a state of internal strain. Again, it 
these internal strains which in many cases affect t! 
mechanical and magnetic properties of substances. 
From whatever viewpoint one observes the factors in 
volved in the mechanical and magnetic properties of f 
romagnetic bodies, the strains set up in the materia 


play an important role. 


WW. A. Wood. X-ray Study of Grain Size in Steels of Dift 
ent Hardness Values. Philosophical Magazine, Vol. 10, 19 
pages 1073-1081. 

Lord Rayleigh. The Bending of Marble. Proceedings ef 
Royal Society 1), Vol. 144, pages 266-279, 1934. 

V. Péschl. Uber Beziehungen zwischen Chemischer Zus 
mensetzung, Kristallform, Harte and Dichte. Zeitschrift fu 
organischen Chemie, Vol. 59, 1908, pages 102-107. 

O. Bohler. Ueber die Molecularen Vorgange beim Harte 
Zeitschrift fiir Werkzenagmaschinen und Werkzenge, Vol 
1906-07, pages 32-34 
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V Only .008 watts D. 
C.; 010 volt am- 
peres at 60 cycles 
operating Power. 


Operates on '/4 power 
where reduced contact 
pressure is permissible. 


V Wide Range of Voltage 
and Current. 
V High Speed Operation. 


Dunco Type “S’’ Relays are specifically designed 
for exacting applications where a high degree of 
sensitivity must be coupled with fast, low-power 
operation, Unex~elled for use with sensitive con- 
trol units such as mercurial thermostats; for 
electronic uses such as welding timers; burglar 
alarms operating from dry cells, and many others. 
Stay-put adjustment and balanced construction 
of all parts assure real dependability even where 
vibration is encountered. Special alloy core for 
real sensitivity—anti-freeze pin prevents sticking 
due to residual magnetism—bearing friction min- 
imized by pin bearing and balanced armature and 
many other features. 

Write for Dunco Bulletin P-243 
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New Doors to 


) Research! 
a) RCA Oscillographs 


: ; H #3 


Model 304-A and Model 305-A 





DVIRABLY ADAPTED to a wide range of new 
laboratory applications are these two new and 
versatile RCA Laboratory Oscillographs Viodel 
304-A and Model 305-A. Extremely wide ranges of 
operating characteristics, plus unusual associated 
circuits, permit accurate, rapid determination of 
complex electrical values... Mach embodies a 9- 
inch tube; blanking-amplifier for visual indication 
of elapsed time over any portion of the trace: elec- 
trically -regulated power supply to Insure pattern 
stability unaffected by line-voltage fluctuations. 

The 304-A is designed to meet the extremely low 
frequency requirements encountered ino both the 
industrial and experimental fields, while the 305- A 
not only equals those capabilities but has an ex- 
tended operating response reaching to more than 
10 megacy cles. 

Fast photographic recording of square waves from 
60 evcles to LOO kiloeveles, frequeney characterist 
traces, out of phase voltage waves —these and other 
unusual types of photographic measurement, as 
well as all conventional applications of cathode-ray 
oscilloscopes, are easily handled by these capable 
modern instruments. Write for complete deserip- 
tive data and specifications. 
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New X-Ray Tube Makes 


EVELOPMENT of a new cold-cathode ultra-high-speed 

X-ray tube that makes millionth-of-a-second radio- 
graphic exposures was described to members of the Ameri 
can Physical Society on June 21 in Pittsburgh by Dr. 
Charles M. Slack, research physicist for the Westinghouse 
Lamp Division’s research laboratories at Bloomfield, N. J., 
where the tube was developed. This apparatus makes pos 
sible X-ray motion pictures, enabling man to see into rap- 
idly moving opaque objects, or to study the internal strain 
effects of sudden forces on such objects. 

The new X-ray tube contains three elements: a standard 
anode; a small oval-shaped metal cathode; and an auxiliary 
electrode which serves as a trigger to initiate the discharge 
of electrons when the tube is activated but immediately 
thereafter assumes the role of focusing cup. The trigger 
element permits anode and cathode to be separated suff- 
ciently to forestall formation of a low-voltage are discharge 
vhich would prevent production of X-rays. 

Circuit operates as follows: Capacitors are charged to 
about 90,000 volts. A spark gap in series with the tube 
withholds voltage from the tube until an impulse is given 
from an auxiliary timing circuit. When the timing circuit 
is broken, such an impulse is created and is added to the 
main voltage of the capacitors. Addition of the impulse 
causes the capacitors to discharge across the gap and 


through the tube. 











Microsecond Radiographs 


To help create an impulse which causes the capac 
discharge at the desired instant, a strand of fins 
the timing circuit is placed just ahead of the moving 
to be radiographed. The X-ray tube is placed at on 
opposite the cassette containing the film, so that the 
to be pictured is directly between tube and film, and a 
the latter as possible. When moved, the object distur 
breaks the wire and interrupts the circuit, creating t} 
pacitor-discharging impulse. At that instant, mom 
surge of X-rays is produced, and the radiograph 





In operation, the tube receives a momentary ‘“j¢ 
several hundred to approx. 2,000 amperes, at between 
and 100,000 volts. Conventional types of X-ray tubes 
usually operated with 0.5 amp. or less of current. Ke 
the ability of the new tube is the auxiliary electrode, 
harnesses and puts to work a once-avoided effect 
emission—which is caused by erratic flow of current 
parts of the tube other than the heated cathode or fila: 

Many possible applications, such as radiography of 
als, will require more powerful tubes and equipment t 
those used in the laboratory tests. Westinghouse engine: 
are confident that such tubes and equipment can be b 
9 ? 
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Fig. 1. Miucrosecond radiographs of bullets in ee 2 : | 
flight in the air and during their course through - Ny : | } 
blocks of wood, taken with the aid of the new + Se 
Westinghouse ultra-high-speed X-ray tube : i 
(A) A .22 long rifle bullet in flight in air, seem- Fig. 2. Circuit diagram. High-voltage transformers 1 charge capacitors through rectif 
ingly standing still Timing circuit is broken at 2, a negative charge on grid of thyratron 3 is dissipated; capaci 
(B) A .22 long ritle bullet entering a block of i discharges through primary of induction coil 5. This voltage is added to that of the caj 
wood tors, Causing spark gap 6 to break down, and activate X-ray tube. Total voltage is then betwe 
(C) A similar bullet about two-thirds of the way cathode 7 and auxiliary electrode 8. Cold emission working across this narrow space cause 
through the plank. Notice trail of lead; wood is electrons to be pulled from the cold metal of 7 to 8. As current starts, voltage betwee: 
virtually sealing itself shut in wake of bullet and 8 diminishes, and electron stream from cathode ‘‘hot spot’’ on 7 is diverted to anode 
(D) Another bullet of the same cal ber emerging focused by 8. X-rays are generated at 9 by impact of electron stream, Diminution of vol f 
from a wood block, which it has literally exploded is caused by choking action of high resistance 10. Resistance 11 is placed directly across cap 
m emerging tors and gap to insure breakdown at gap 6 consistent with its spacing 
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Chicago Instrument Society 


At a dinner meeting of the Chicago Instrument Soci 
held on June 6 and attended by ninety members, the fol 
ing Executive Committee of nine was elected: 

Earl C. Rieger, International Harvester. 

J. Lewis, Crane Co. 

J. P. Dahlberg, Youngstown Sheet & Tube. 

J. E. Douglas, Inland Steel. 

W. Kagi, Western Electric. 

R. N. Powell, Wisconsin Steel. 

A. J. Perkins, Underwriters Labs. 

W. Brock, Socony Vacuum. 

J. S. Bogen, Universal Oil. 

The meeting was addressed by Dr. L. W. Wallace, Dire 
of Engineering & Research, Crane Co. on “Intelligence 
Instruments.” 











An Instrument Calibrator 


Concluded from page 187 


to right, on the panel are: S-4 with d-c. ammeter 
posts beneath; R-18; 150- and 1500-volt d-c. bind- 
sts; push button switches S-6 and S-7; function 
S-3 (the first large knob); light L-1 beneath it; on- 
tech S-2, with pilot L-3 above and a-c. -d-c. switch 
ww it. Still lower appears the milliammeter binding 


ruments references on equipment for calibration of electrical 
nents: March 1938, page 93; April 1938, pages 103 and 111. 
[The second large knob operates R-21; and lamp L-2 

st below. The next push button switch is S-5. Below 

to its right are binding posts for all the remaining 

ges. The next knob controls S-8 and has R-13 on its 
The last binding posts are for a-c. amperes. 


OPERATING INSTRUCTIONS 
mnect the instrument to be checked to the proper termi- 
ils at the bottom of the front panel. Set the switches as 
viven in the following table, for the range desired. When- 
ever it is used, R-21 is to be increased until the standard 
ts desired deflection. 
Turn R-21 


olts d.c.: Push S-6 before increasing R-21. 


interclockwise before releasing S-6. 
volts d.c.: Push S-6 and S-7 before increasing R-21. 
i 


| --21 counterclockwise before releasing S-6 and S- 


burn 4) 


We Control 
S1 S3 S4 S8 R18 Rl S2 R21 S6 S7 So 
i. Lak ] 1 ] 1 on increase 
dc l 1 2 yA on increase 
dc 1 l on increase 
dc 1 1 1 t on increase 
da ? | ) } on increase 
de be 1 6 | on increase 
olts d.c 1 3 | 1 on increase push 
its dc 2 1 { 1 on increase push 
olts duc » j { 1 on inerease push push 
6 volts a.¢ 4 i Z o on increnase 
Itsac 2 { 2 on increase 
0 volts ac 2 { : j v4 on increase push 
eres dc 2 2 Turn on S2 and adjust left side wire rheostat 
eS a 2 2 Turn on S2 and adjust right side wire rheo 
stat. 
The positions of R-1l and R-18 were determined b rial 


ind then marked on the panel 


POSSIBLE MODIFICATIONS 


Should a d-c. supply not he available, the entire outfit 
ould be modifled to operate on alternating current only. 
The ammeter rectifier output should be shunted to provide 
for milliammeter ranges. There is a voltmeter supply recti- 
fier already. If such an arrangement is used, a Variac or 
similar variable autotransformer might well replace R-21. 

The same general idea as has been herein incorporated 
could well be used with but a few standard instruments, by 
ising shunts and multipliers with them, the latter to be 
‘onnected to gang switches as parts of S-4 and S-8, for 
xample. 

[In choosing the ranges of instruments to use, considera- 
tion must be given to the accuracy desired, and sufficient 
verlapping be provided. For d-c. instruments, an increase 
f ten in each step is sufficient: 0-10 volts, 0-100 volts, 
-1000 volts, ete. Because of the non-linear scales of a-c. 

struments, a greater overlap is required if equivalent 
ecuracy is wished. 

Slide wire rheostats R-5 and R-6 depend somewhat upon 

e voltage of transformer T-1. They should have sufficient 
esistance to give a wide range of currents, while still 
iving enough dissipating capacity. They receive their 

wer from a 6-amp. battery charger which was built into 
1e device. 

The inclusion of a voltage regulator transformer is de- 
rable for greater accuracy (to keep the deflection con- 


tant), especially if the line voltage fluctuates to any extent. 





THE Potentiometer - Pyrometer 


With Less Balancing 
NO STANDARD CELL 


@ CHECK TEMPERATURES 

from minus 200° F. to plus 
3000° F. with thermocouples 
and Model 70-PO the quicker, 
progressive way. Simply adjust 
and balance the instrument for 
one or more thermocouples and 
thereafter read as a direct de- 
flection indicator.* You save 
time—and possibility of error. 
Readings are within !/, of 
« of total scale deflection, 
on one or more ranges hand- 


1¢ 


drawn to your requirements. 
Number, length, and cross-sec- 
tion of thermocouples and leads 
may be widely varied. 





Model 70-PO (Portable) 


' Use Model 70-PO as a portable. Also get the facts on | B-T 
t weighs less than 5! Ibs. Its of 1 

eighs less than 5’ Ibs. Its only thermoelectric pyrometers and 
power is a flashlight cell t 1s 

iutomatically compensated for am- accessories, electric tachome 
bient temperatures of minus 40°1 ters, resistance thermometers, 


to plus 120°F. (Thermometer inside 
case Permits instant zero checking.) 
Mount Model 70-PO on your new design am 


galvanometers. They feature 


exceptional 


switchboard or wall, it will read value. 

accurately, be visible at a distance, On all scales 0-400°1 

ind get more use because it is THI On lower scales, one balancing 
potentiometer-pyrometer which re- reading instead of twa in conven 


tional potentiometers 


Dept. 2, 441 Chapel St 


quires less balancing 


Write for literature 


J-B-T INSTRUMENTS, INC. 


New Haven, Conn., U.S. A. 





The 
f. Improved 


\ f mu 
By, “Alnor 
TYPE 4000 


Pyrocon 
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FOR SURFACE TEMPERATURES 


The Ainor Pyrocon which has had such wide 
acceptance for every type of application now 
offers many new and exclusive features. 


1. Unusually heavy and rugged movement—high- 
ly essential in a portable pyrorneter. 

2. Choice of either rigid or flexible arms or 
both which are instantly removable and in- 
terchangeable. 

3. Improved and enlarged assortment of thermo- 
couples all of which are instantly interchange- 
able without change in instrument calibration. 

4. Choice of seven standard temperature ranges. 

Greater accuracy. Yoke of arms and side 

plates of thermo-couple assembly made of 

thermo-couple material to eliminate junction 
errors. 


wn 


Regardless of your application the Alnor Pyrocon 
will prove the most economical. 


Write for folder #3511 
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Are there machines 
and processes on 


which vou would like 
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to get accurate pro- 

duction records by the hour, 
week? Veeder-Root 
Counters can give you these 
records mechanically or 
electrically . . IM any terms 
you want: revolutions, strokes, 
operations, pieces, trips, speeds, 


day or 


oF Bos { g { 


Ang : New York PI 


VEEDER-ROO INC., Counting Devices 


volumes, lengths, hand-move- 


ments, light-flashes .. . or what 
have you? And these “facts in 
figures” will point out ways to 
tighten production and cost 
control, and to schedule work 


more efficiently. WRITE. 


HARTFORD, CONNECTICUT 


nd, Detroit. 
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SO MUCH 


Here's all about it 


we gladly pass the 


for SO LITTLE! 


The Group Subscription Plan, of course. 
Overhead is reduced 
if ONE reader sends ONE list of subscrib- 
ers at ONE time with payment in full, so 


savings on to you: 


LETTER TO THE EDIT 

















1 one-year subscription $2.00 
2 one-year subscriptions $2.40 
3 one-year subscriptions $3.30 
4 one-year subscriptions $4.20 
5 one-year subscriptions $5.00 
Each additional subscription, add $1.00 


Io each organizer sending in a list of 
NEW subscribers we give a tangible reward 
in the shape of a book: For 4 new subscrip 
tions, ‘‘Photoelectric and Selenium Cells’’; 
for 5, “‘Fundamentals of Instrumentation”’ 
for 6, ‘“‘The Engine Indicator’’; for 
“Dielectric Phenomena in High Voltage 
¢ able s*’: 
tion’’; for 9, ‘*Automatic Protection of A 
C. Circuits’’; for 10, ‘‘Mercury Arc Rec 
tifer Practice’; for 11, ‘‘Alternating Cur 
rent Wave Forms”’; for 12, ‘‘Cathode Ray 


Oscillography.”’ 


for 8, ‘Symposium on Illumina 


Send in Your Group 
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“Education and Training 
Urgently Needed” 


To the Editor of /nstruments: 


Allow me to add my small voice to the congratu 
which you will undoubtedly receive on your June ed 
I am speaking not only for myself but for all the Est 
Angus organization when I say that we agree 100 
your thesis of the urgent need for more men educ: 
trained in the field of instrumentation. 

Our company makes only one specialty and we 
claim to have contact with all phases of instrument 
But even in our little bailiwick, not a week goes | 
what I am amazed at the ignorance of otherwise well ty 
and capable engineers as to what instruments can 
them, how instruments work, what they can and can: 
how they should be cared for, and what is and is not 
instrument practice. 

I admit that part of my desire to see the men on thé 
ing line in industry better informed as to instrumentat 
is a matter of professional pride. (But could a profes 
exist without pride?) I must also admit that a part of 
lesire in this direction is a matter of business. 

But although my enthusiasm for your point of view 
include these two factors, it really springs from somet}! 
much broader: the fact that if American industry is g 
to be able to do the job that it is now called upon t 
and is going to maintain the American standards and wa\ 
of life, it simply must employ in much more widespr 
fashion and more effectively all the tools of measurem: 
and control that have so painstakingly been developed 

I took up this matter with my own Alma Mater a cou 
of years ago, suggesting a complete course in Instrument 
tion. The suggestion was courteously received but not! 
was done—beyond passing the letter on to the heads of t 
various schools and recommending that more attentior 
given to the measurement phases of the work. 

This is of little use, because the work of the diffe 
schools is not integrated. What is needed is one cot 
where the student gets a broad view of instrumentatio! 
a whole and of all different kinds of instruments as ap} 
to all different kinds of problems; rather than lear! 
about steam engine indicators in the Mechanical Engin« 
ing course, about flow meters in the Hydraulics course, ab: 
slectrical instruments in the Electrical Engineering cou 
and about balances and optical pyrometers in Physic 
I understand it, that is your aim. 

Go to it, Major! Our voice may not be very loud, but 
certainly want to add it to the chorus. 





THE ESTERLINE-ANGUS Co., | 
R. J. KRYTER, Sales Ma 


I> mia napolis, Ju ne 20). 
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Aircraft Radio Installation Follows 
Modern Instrumentation Schemes 


yped by United Air Lines and now being installed 

e airline’s planes, a new radio assembly includes a 

vard (Fig. 1) which makes the complete radio facil- 

the plane available to the pilots merely flicking 
? 


es and a radio rack (Fig. 2) which saves 75 to 100 
weight. 





Heretofore, airlines have scattered radio switches at vari- 
tus places in the control cabin and installed radio appara- 
tus on shelves in the various cargo compartments, or 

herever they could find a spot. 

The radio switchboard, devised by P. C. Sandretto, super- 
ntendent of United’s communications laboratory in Chi- 
cago, is only 8” square and is as simple to operate as an 

ce telephone switchboard. It is located on the control col- 
umn within arm’s reach of both pilots. No adjusting is nec- 
it essary and none of the switches has contingent operation. 
The radio rack was designed by A. F. Trumbull, foreman 
f United’s radio electric shop in Cheyenne. The combined 
device represents the first weight-saving apparatus since 
the introduction of aeronautical radio, according to J. R. 
Cunningham, director of communications for United. 





Aeronautical Lending Library 


$50,000 endowment has been given to the Institute of 
A the Aeronautical Sciences by Paul Kollsman and the 
square D) Company for founding an aeronautical lending 
brary at Rockefeller Center, New York City. So announces 
Major Lester D. Gardner, Executive Vice President of the 
Institute, who further states that there will be available at 
ce two thousand aeronautical books for loan by mail. (For 
nsultation at its headquarters the Institute has, besides 
e new Paul Kollsman Lending Library, a reference library 
"over ten thousand aeronautical books.) 
A bulletin to be issued periodically will review all new 
mautical books and will digest aeronautical articles, re- 
rts and pamphlets. The Paul Kollsman Library will in 
S way keep the specialists in the field informed on ad 
neces as well as provide them with books and magazines. 
|The Square I Company recently acquired the Kollsman 
trument Company. Thus Paul Kollsman’s famous ‘‘one 
in firm” passed into history; but this merger evidently 
ibles him to continue making aeronautical history. 
ITOR ] 
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Write for details 


THE L LIQUIZOMETER vere) 1 


LONG ISLAND CITY, N. Y. 








36-27 SKILLMAN AVE. 








MODERN 


MAKING 


Model 626 is another of the 
new instrument case styles being 
added constantly to the T riplett 
line. This 6” rectangular molded 


ree 


MODEL 626 


case instrument offers unusually 
long readable scales 5.60” DC: 5.30” A.C. One of 
Triplett’s 25 case styles. 


Painstaking processes observed in the construction of 
precision instruments are not generally known. Shown 
above is a view of the final calibration department, in 
the modern air-conditioned Triplett plant. Here, under 
rigid control, the future performance of all Triplett ts 
standardized. 
FOR MORE 
INFORMATION 


WRITE SECTION 
327 HARMON DRIVE 


TRIPLETT ELECTRICAL INSTRUMENT.CO. 


Bluffton, Ohio 
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EPPLEY STANDARD CELLS 


for 
INDUSTRIAL USE 





| EPLAB 
THE EPPLEY LABORATORY, INC. 


NEWPORT, RI. 
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Descriptive Bulletin on Request 


THE GAERTNER-SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago, U.S.A. 
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